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Ill — Meteorological History oj the seven monsoon seasons, iSg^—iSgg, in relation to the 
Indian rainfall by W. L, DALLAS, Esq., Scientific Assistant to the Meteorological 
Reporter to the Government of India. 


INTRODUCTION. 

Between 1893 and 1899 the Meteorological Department of the Government of India 
collected and collated daily barometer, wind and weather observations for the whole 
Trades-Monsoon area. From these daily observations I was enabled in igoo to deduce 
a series of normal values for the whole area, and it was by means of these charts of nor- 
mal values that I was in a position to undertake a discussion of the failure of the monsoon 
rains in India in 1899. This failure of the monsoon rainfall was therein attributed to the 
deflection of the South-East Trade winds to South Africa, and to the determination of 
rainfall to that area at the expense of India. It was, however, at the time pointed out 
that the variations of the surface air movements from the normal were exceedingly slight 
and appeared inadequate to explain the large failure of the rains over India in 1899. The 
results were far from conclusive, and I therefore determined to investigate in detail the 
whole seven monsoon periods from 1893 to 1S99. 

The investigation was commenced with the ultimate aim of examining all the actions 
which are ordinarily supposed to determine rain or drought to India and, if possible, to 
assign to each action or congeries of actions a numerical value which could be utilised in 
future forecasts of, 'and investigations into, the Indian monsoon rainfall. As the investiga- 
tion progressed, however, it appeared to the writer that many of the actions to which an 
influence on the monsoon rainfall had previously been ascribed, failed to fulfill the func- 
tions assigned to them, and the only action which finally remained after the questions, (i) 
of barometric gradients or differences and (2) of variations in the direction of movement 
and velocity of movement of the winds, had been thoroughly discussed, was, that which 
appertained to certain long period oscillations of pressure which the tabulated observa- 
tions disclosed. The investigation consequently resolved itself more or less into 
a supplement or adjunct to Mr. Eliot’s valuable paper on long period pressure oscilla- 
tions in India given in Volume VI of the Indian Meteorological Memoirs and the conclu- 
sions which are put forward in this paper are merely confirtnatory or supplementary to 
the conclusions which Mr. Eliot enunciated in 1896. From the evidence of the observa- 
tions discussed in the present paper it is concluded that the explanation of the failure of 
the 1899 monsoon rains, as put forward in the discussion of that episode, in the above 
mentioned memoir, was incorrect. There does not, judging from the available data, appear to 
have been any deflection of the South-East Trades current towards South Africa on that 
occasion, and it is argued from the evidence of the observations contained in the present 
investigation, that the excess of rain over South Africa and the failure of the rain over 
India were a common result of a rapid rise of pressure over the whole Trades-Monsoon 
area due to the completion of a long period pressure oscillation of large amplitude withim 
the short space of a few months. Following this reasoning through the other six mon- 
soon seasons dealt with in this investigation, the same relation will be found to exist, and. 

B 
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it appears to the writer to follow from a consideration of Ihe w’hble subject that the varia- 
tions in therainfall over the whole Trades-Morisobn area, were, in their main features during.,, 
the seven seasons under discussion, a function of the pressure oscillations, the signs oh the 
rainfall variations changing at the line of the Equator. Thus it follows'that years of very: 
excessive rainfall, as well, as years of. very deficient rainfall, either in India, or in the .South-, 
East Trades region or in any other part of the.Trades-Monsoon area, may.and do occur with- 
out any material alteration in the direction and velocity of the surfaiceair currents; It is not 
intended to represent this conclusion as anything new or novel, it is merely an extension and' 
amplification of ; the conclusions stated in Mr. Eliot’s paper above referred tp,:»ia.,. that a.- 
south-west monsoon period which is included in the rising jDortion of alorig,period oscillation^ . 
is generally one of deficient rainfall and a southrwest monsoon period which-.is included, in 
the falling portion of along period oscillation is usually one of increased- or excessive:,, 
rain. The .present discussion appears to show that this rule (i) was. of general applicability, y 
(2) that it acted irrespective of any other yariant, and (3) that it rvas the inain factor in 
the' variation, of rainfall from the- normal. Therefore, although the present discussion 
enunciates no new law with regard to rainfall, dt will not perhaps be uninteresting to; trace' 
the connexion . between these pressure oscillations and the. rainfall variations throughout ; 
the whole Trades-Mpnsopn area, and to the writer it was, an unexpected development" to 
find that to the south of the Equator the relation of the rainfall to* the moyemerits ,. of ' 
pressure in its .oscillations, is, the reverse, of,' that existing in regions lying. to .the north, 
of the Equator. It is due to this reversal that it follows that excessive rain ' in' the, 
South-East Trades region is coincident -with deficient rain in India, Arabia and the -Nile . 
Valley and vice versd, the excess in the one area and the deficiency in' the other ‘.being’ 

• the general effect of a common cause, but, not, bearing the relation of. cause and .effect. , 

These conclusions the writer has endeavoured to substantiate in the following. paper , 
w'hich gives (1) a brief history of the.fainfall of the seven monsoon seasons under review 
and (2) a discussion of the pressure oscillations, and their effects on the rainfall of , the . 
Trades- Monsoon area. ' .■ , ■, d/. . 

The final portion of the paper is concerned with various investigations and enquiries 
into the relation between pressure differences over the. Equatorial and. Indian .Seas;, and . 
Indian rainfall,' and the relations which variations in the velocity and in 'the direction of 
the wiiids bear to the variations of. Indian rainfall. These investigations have yielded no . 
satisfactory results, and the, section is only.added by. way-bf clearing' the ground , and inV 
order ''to sh’owv 'if possible, that - the explanation of the main variations of the Indian.', 
monsoon rainfall is , to be looked for in . .investigations . into the causes and reasons, 
of the long. period, pressure, oscillations and. not’ in, investigations into the variations in , 

the velocity . and direction of the surface air currents. , 
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PART I. 

Brief History of the seven monsoon seasons, 1893—99. 

1893. The meteorological conditions in India antecedent to the establishment of the 
south-west monsoon were not unfavourable. Local pressure conditions were approximately 
normal and the mean pressure of the whole of India was in slight defect during 
April and May. Unusually heavy snow had fallen over the North-West Himalayas 
during January and February, but this precipitation decreased and ceased about the 
end of March. The air was warmer and clearer than usual over North-West India 
and the North-West Himalayas during April and the large snow accumulations 
disappeared during this month. In April and ]M.ay cyclonic storms formed in the 
B.ny and there was excessive rainfall in Ceylon, Malabar, Tenasserim and the Bay 
Islands in April and the fir.st-half of M.ny. The following gives data for Colombo, 
Mangalore, Port Blair and Tavoy for these two months : — 




ArRtL. 

Mav. 

Period, Afril and Mav. 

St*tio.n. 


Actual 
rainfall of 
month. 

Variation 

from 

Bcrmal. 

Actual 
tainf.Ml of 
month. 

Variation 

Irom 

normal. 

Variation of 
actual rainfall 
of period 
from 
normal. 

rcfccntaj^e 

variation. 



Inches. 

Inches. 

Inches. 

Inches. 

Inches. 


Co'ombo .... 

• 

20*34 

-I-9'o6 

10-33 

— 2-5: 

+ 0‘S4 

+ 27 

M.mR.ikre 


!-;S 

+J‘i 7 

11 -$6 

+ 4’09 

+ 6*26 

+ 73 

Port Bl.iir .... 

• 

tS'gt 

+<'73 


— 3 - 2 1 

+ oS: 

+ 13 

Tavoy .... 

• 

9*79 

+5'0 

.v3’44 

+ 1667 

-I-22-C3 

-fiio 


Consequently in the pre-monsoon period the following were the most prominent 
features of the weather : — 

(1) Not unfavourable conditions over India. 

(2) Strong temporary advances of humid winds indicated by heavy rain in the 

south and by abnormally early cyclonic storms in the Bay. 

The permanent advance of the monsoon occurred over the Arabian Sea in the first 
week of June and over the Bay during the second week of June. Both currents 
advanced more rapidly than usual into the interior of India and were abnormally strong 
during June. The Bengal current remained stronger than the average during July, but 
the Bombay current fell off and was somewh?t feebler than the normal. Both currents 
were very probably below their normal strength and volume during August and the rain- 
fall of India was generally below the normal. During September the monsoon current 
remained slightly weaker than the average, while the Bay current, on the contrary, 
increased relatively to the normal and was unusually steady and vigorous. The whole of 
Northern and Central India received abundant rain in September and the' Peninsula 
normal rain. 

The distribution of the south-west monsoon rainfall in 1893 and its variations from 

II e 
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the normal were directly related to the extension and. steadiness of the monsoon 
currents. The deficient rainfall in Burma was due to the larger diversion than usual of 
the current towards' the Gangetic Plain and tlie Punjab, and a similar explanation holds 
for the deficient rainfall on the West Coast. 

The following gives a summary of the rainfall variation data for the monsoon months 
June to October : — . ' ? . 



1 RAINFALU 

j June. 

JULV. 

August. 

September. 

OCIQOEE. ' 

i Actual, 

1 *893. 

! 

Varia- 

tion 

front 

normal. 

ActiiftI, 

jS93‘ 

Varia- 

tron 

from 

irormal. 

Actual, 

1SP5. 

Varia- 

tion 

from 

normal. 

Actual, 

IS93.‘ 

Varia- 
‘ tion 
from 
normal. 

Actual, 

*893. 

Varia- 

.Iton 

from 

normal. 


Bengal and 
Assam* 


NorthAVest* 
ern Provin- 
cesandOudh. 


Lower Burma DcUaic . 127; 

Central Burma . io'43 

Upper do. . 5*49 

Arakan . « , ! 50**0 


I io'43 -^'$7 

1 S-49 


Eastern Bengal ♦ 

Assam Surma . . 

Do. Brahma- 
putra. ' 

Deltaic Bengal . * 

Central do. , 

North do. « , 

Orissa • • , 

Chota Nagpur . 

South Bihar . « I 

North do. . . | 

North - Wes tern i 
Provinces East. 

South Oudh > . ■ 

North do. . ' . 

North-Western 
Provinces Central. 

No fth* Western 
Provinces West. 

North - Western 
Provinces Sub- 
montane. 

South Punjab « . 

Central do. • 

Punjab Submon- 
tane. 1 

Punjab Hills 

North-West Pun- 
jab. '• 

West Punjab • 


5'49 7*53 

50*10 + 6'$3 37*30 



47a + a*co 
S'59 +■ 3*04 

1*93 + 0*53 
3'Go 
0*07 + 3*23 

0*o6 + 4*25 

4‘^S + 3*3» 

0*99 + 0*34 
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JuNn* JuLV. August. Septeudbr. Octoder. 


Vam« Varia* Vari.v Varia* Varla- 

Actual, lion Actual, tlon Actual, tion Actual, tion Actual, tion 

1S93, from 1893. from 1S93. from 1S93. from 1893. from 

noTfnal. normal. normal. normal. normal. 


noMTAY A K 0 
M A « A R A R 

CossT Dis- 
tricts (Mad- 
ras). 


CtsTR.vt. Vro- 

VINCES AND 
UUUR. 


0 O U B A Y 

(NokuO. 


Macin’* South Cco' 
tr.il. 

Coorff 


Homhay Deccan 


Khar.deih . 


Central Ptcvvccta 

West. 

Central Protmees 

Central. 

Central Protlncts 

Ca^t. 

Gujarat • « * 




Kalhianar 


Central Intlla East 

RajpaUra Ea* 
Centra! 1 n <1 i 
West. 

West Rtjpctaca 
Hast Coa*t North 
Do. do. A. 
Iljderabad South 
Madras Central 
East Coart Central 
ICoit Coast South 
Madras South « 


I2*|S + 3‘9i io‘o9 


iS* 84 Ui:« 5 S 


rCz + IV3 1*5^ 

10*03 + A*ct 7*;7 

4*33 + 1*47 S* 9 o 


1 



— 3'4 i 

*'74 + o’52 loVo 

3-31 + o-f3 

+ rs 4 i'lt 

+ o-so yS 3 

rsO + o'so 333 1 + r;S 



1894. The meteorological conditions in India in the period antecedent to the establish- 
ment of the south-west monsoon were favourable for a strong monsoon. Pressure was in 
moderate general defect over India during Ibis period and in May there was a large local 
deficiency in Northern India, greatest in the Gangctic Plain. The cold weather rainfall and 
snowfall had been heavier than usual, but the precipitation ceased earlier than usual. The 
wintcraccumulalion of snow melted very rapidly in April and May, and strongly marked hot 
weather conditions obtained in May. There were slight indications in May of a stronger 
determination than usual of humid winds from the Equatorial belt northwards to the 
Indian area. Temporarj’ advances of south-west humid winds occurred earlier than usual 
jn April and May giving rise to cyclonic storms in the Bay. TIic permanent advance of 
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the monsoon current occurred in the first week ^of June in the Arabian Sea. and in the;' 
second week of June in the Bay. Both currents advanced more rapidly than usual from, 
the coast districts into 'the interior of Upper India .and were stronger than.usuar^during •. 
June in which , month the whole of India, with the exception of Burma, Assam, North 
Bengal, the Deccan and South India, received abundant rainfall. . During, July the rain- 
fall of the month was, on the average of the whole, of India, in considerable ekcess.- During ; 
June and July the weather was much disturbed and a series of cyclonic storins was, deve- 
loped and the weather was in marked contraist with the conditions prevailing at about the 
same time in the previous year. During August and September fairly steady tnonsqon 
winds prevailed and well distributed rain was-received oyer the greater part Of India. The. ■ 
distribution of rain during the south-west monsoon period of 1894 was generally favour- 
able. Rainfall was in slight defect over the greater part of the PehinsUla, and , also ' 
in parts of North-East India, due to the abnormal determmation of the Bengal ’ 
current to Upper India. The rainfall of August and September was complethentary to 
that of June and July, falling most largely in the first period where it was most deficient' -' 
in the second period. , ,’ - . , , 

The following gives a, summary of the.ra.infall variation data for the monsoon months . 
June to October 1894 : — . - 



:: 

rainfall. ' , ■ 

Province. 

Division. '■ 

JUNB. ■ 

July.' 

' 

August. ' 

Septbuder, 

■ pcTOtlER. ■' 

Actual, 

Vaiia* 


Varja- 

Actual, 

1894 . 

Varia* 

Actual, 

Vorh- 







tion 

Actual, 

. tion 

tion 

tion 





■ Sm. 

from 

1 S 94 . 

from 

from 


from 

■■ 18 W-' 





normal. 


normal. 

■ 

normal. 

normal. 

normal. 


Tcnasserim , « 

Inches. 

Inches. 

Inches. 

Inches. 


Inches, 




I„-.R„ • 


55’93 

+ *5*68 

. 73*94 

+ 26’6* 


5*43 


- 1 - 13-40 

16-03 

4 - 5*74 


Lo'tvcr Burma Deltaic* 

lS'J 2 

— 0-97 

31*33 

+ .S -20 

30*30 

— 0*45 

, 14 'JS 

+ 1*00 

. 7*02 

— 172 

Burma 

Central do. 


— S'42 

i8'30 

+ o*i5 

i 8 -fl 3 

♦ I'Ca 

*0*55 

4- 0*38 

S'eS 

” *'37 


Upper do. • • 

4-67 


. 9*61 

... 

. 8*28 


‘7*53 


' S*6d 



Arakan • . • 

30‘G9 

— u'«S 

' SJ -18 

+ 4*90 

’ 40*33 

+ 8-32 

*474 

- 5*29 

s-76 

— 0*77' 


Eastern Bengal . . 

16*69 

- 2'04 

20*61' 

+ 4 *ot 

19*03 

+ 2*36 

' ' 9*50 

— roS 

3-94 

+ 0*46 


Assam Surma • . 

34'94 

- >-22 

22*54 

- 8-77 

‘ iS'o? 

— r60' 

iS’so 

4- 1*96 

20*46 

4 - *4*60 


Do. Brahmaputra. • 

' IS'JS 

— .0*14 

. 9 * 1 * 

— 6-34 

■ * 6*32 

+ 2*46 

16-36 

+ ■ C-iS 

1072 

+ 6-37 


Deltaic Bengal . 

io‘S6 

+ ‘o'co 

-iS'os 

V'3'02 

11*27 

— **42 

6*53 

“• 2*39 

4*61 

o'oz 

Bengal ano As*( 

EAM. 

Central do. • < 

10*05 

— o**? 

I 3’53 

+ 1*34 

I3‘=S 

+ 1*1* 

10-52 

+ 0-57 


t- i '40 

North do. . ' • 


— 4*n 

1276 

7*27. 

21*97 

•H 3'iS 

' 23-87 

+ 7-So 

■■ 9-69 

^75 


Orissa . . ' . 

' 1**31' 

+ J‘38, 

. »7‘33 

+ 4'93 

9*99 

— 1*49 

7*00 

3*19 

7*05 

■f d*So 


Chota Nagpur , • 

IX'Jt 

+ 3'28 

17*17 

+ 4*02 

f 

, tS’09 

-(• '3'32 

6 -Sl' 

-^■'l-So 

6-73 

+ 3-88 


South Bihar . - ' • 

770 

+ ' *'9* 

' 14 * 6 ** 

+ 274 

. I3’95 

I , 

+ 2 * 68 ' 

,■ 9-41 ' 

+ 2*27 

■ ‘ 'rs9- 

4- '^*46 


North do, # ’ . 

>48 

— o'i 3 

' 10*65 

—■'*•57 

I5'23 

“t- 3‘73' 

-■ *2*40 

4- 2*6* 

' 6*69 

+ 3*1* 


North*\Ve*tcrn Prov- 
inces East. 

,'9’43 

'+ '5*15 

(346 

+ ' 1*63 

'■ 

+ ■4‘3i 

- S'SS 

— -I'Ol- 

' 16*61 

-•- 14-43 


South Oudh . • 

9^17 

4- 479 

*0*39, 

— 0*36 

. i6’44- 

+ S'97 

7 *oo 

4- V 4 S' 

15-70 ■ 

+ 14*16 

North-West- ', 

ERN PROV- ,( 

North, do. , *• 

9*/S 

+ 4*35 


T- 1*30 

' 20*81 

+ IB'isj' 

*0*40 

+ J-lS 

’ , 11-26 

+ 9-65 

ISXES AND' 

North* Western ProV- 

973^ 

+ 6 *=G 

' Sfe 

— . '2*59 

. *4*44 

■+ 4'r2’ 

■7*32 

-h 1*77 


. Oupii. 

, V ince .<5 Central. 




Jl’Sl ' 




/ 

North-Western Prov- 
inces West. 


+ 

7‘4r 

—• 2*47 

^ 3*12 

- ’ 7:35 

+ . a-55 . 

.,'■■57' 

+ 0-96 ■ 

'■ 1 

\ North* Western Frov 

S’G4 

+ 4*09 

; 16*67 

>f • 2 * 02 ' 

31*53 

+, 8 ‘ 6 o 

. 9-51 ■ 

+ vir 

■5'SO i+ 


inces Snhmontonc. • 





- 

f 



















JN RELATION TO THE INDIAN RAINFALL. 415 



1 . 

■ t 

rainfall. 



June. 

July. 



October. I 

Province. 

Division, 












Varia- 


Varia- 

' 

Varia- 




Varia- 





Actual, 

tion 

Actual, 

tion 

Actual, 

1894. 


Actual,' 

tion 

Actual, 

tion 



iSot. 

from 

1894. 

from 

from 

1S94. 

from 

1894- 

from 




normal. 

normal. 

normal. 

normal. 


normal. 



Inches. 

Inches. 

Inches, 

Inches. 

laches 

Inches 

Inches. 

Inches. 

Inches. 

Inches. 


South Punjab . • 

C*27 

+ 4-87 

5-S4 

+ rs7 

3*40 

— 0*12 

2-58 

+ 0-59 

0 

- 0*15 


Central do. . • 

4'29 

+ 2*11 

S*S6 

— 0*76 

6*67 

+ 1*40 

6-SS 

+ 3'3* 

0 

— 0*34 

Punjab . ./ 

Punjab Submontane . 

lo'Ss 

+ S’oi 

12*41 

+ 3*06 

9*03 

+ 0*70 

4-37 

+ 0-44 

0*02 

— 0*36 

I3‘S8 









— 0-3S 

Punjab Hills 

+ 9*10 

27*13 

+ 10-45 

23*11 

+ 6-44 

6-39 

— 0*01 

0*52 


North-West Punjab • 

3*16 

+ 1*82 

8*96 

3-65 

5*36 

— 0*25 

2*20 

— 0*07 

0*04 

“ 0*43 


West Punjab . 

1*06 

+ 0*41 

'4*55 

+ 2*10 

1*14 

— 0*96 

' 0*86 

+ 0*07 


— O'lO 


Malabar . . • 

3279 

- 4*5X 

29*30 

- 5*12 

28*36 

+ 8-13 

S-3S 

- 1-S5 

;**4 

— 2*90 


Madras South Central 

ri7 

— o*S6 

2*39 

+ 0-03 

^ 4*93 

+ 1-44 

3*17 

-- J-I5 

7*05 

+ 1*13 

Bombay akd 

Coorg . « 

16*67 


22*37 


>5*45 


576 


7*97 


Malabar 
Coast dis-i 

TRicTS (Mao- 

Mysore . » 

' 2'SO 

- 2-37 

5**7 

— 2*30 

4-67 

— 0*64 

1*55 

“ 3*39 

S'96 

+ 0*21 

RAS). 

Konkan . » « 

25-29 

— rS6 

48*82 

+ 8*78 

19*10 

— 5*05 

13*33 

— I '65 

6*69 

+ 1-14 


Bombay Deccan 

5'3S 

— 0*37 

12*53 

-F 3-24 

5*24 

- 0-77 

4*37 

- 1-17 

4*90 

— 0*12 


Khandesh • • 

5-23 

— 0*46 

13-62 

+ S- 9 S 

2*6S 

— 3*3* 

10'* 1 

+ 3-04 

4-48 

+ 0*87 


Berar « . ♦ 

7*22 

— 0*60 

13*04 

+ 3‘9' 

2*8i 

- 6*oS 

10*22 

+ 3'40 

4*09 

+ r6o 

/ 

Central Provinces 

8*41 

+ 0*92 

14*90 

+ 1*09 

7-9S 

— i*S9 

14-2S 

+ 5‘48 

5-09 

4- 3*01 

Centra!. Pro-) 

West. 








VINXB3 and; 
Bbrar. \ 

Central Provinces 

10*76 

+ 3-S4 

*773 

— 0-69 

13*33 

+ 0*46 

9‘09 

+ 2*04 

479 

+ 3'94 


Central* - 











Central Provinces 

g-Sfl 

4- 1-67 

22-53 

+ 6*46 

15-72 

+ 3-19 

8-45 

+ 0-83 

4'47 

+ 2-45 


East. 











< 

Gujarat < • 

lo-;^ 

+ 4-48 

39-63 

+ 11*17 

4*33 

- 4-95 

10-65 

+ 2-63 

6-54 

+ 5*ifi 

Bombay J 

(North). "l 

Kathlarvar « * 

9*68 

+ 6*42 

24*99 

+ 12*60 

2*01 

- 4'27 

5*34 

+ 0*64 

2*98 

+ 2*29 

( 

Sind • * • 

0*24 

+ 0*04 

7IS 

+ S'29 

0*19 

- 1-78 

0*05 

- 0*44 

0 

— ' 0*03 

r 

Central India East t 

975 

+ 373 

12*59 

- 2*73 

9'So 

- 2-84 

8*38 

+ 1*69 

S'6i 

+ 4-03 

RjMPUTANA and \ 
Central*^ 
India. / 

Rajputana East, Cen- 

6-47 

+ 3-39 

S-So 

— 0*97 

s-72 

— 0*95 

476 

+ rii 

0*14 

— 0*36 

tral India West. 












West Rajputana' 

'3*91 

+ 2-34 

5*21 

+ i*SS 

2;68 

— I’So 

2*09 

+ 0-74 

0*03 

+ o*o5 


East Coast North 

5-3I 

+ 0*91 

7-85 

+ 1*14 

5*76 

— 1*10 

7*33 

-F 0-39 

11-18 

+ 4*01 

/ 

Do. do.A, * 

973 

- ros 

17-50 

+ 2*13 

9*07 

— 3-6S 

9*59 

+ 0*96 

12*92 

+ S*i6 

1 

HyderabadSoulh • 

1'54 

— 2*90 

4-64 

— 2*03 

5*95 

+ 0*14 

9-69 

+ 5*24 

4*44 

+ 2*oS 

Madras . .1 

Madras Central . 

1*05 

- 1-58 

3-56 

— 0*39 

7**9 

+ 2-84 

3-38 

— 2*02 

6’l6 

+ 0*61 

1 

Cast Coast Central • 

1*05 

— o*Co 

1-83 

— 0*6* 

5*09 

+ 2*03 

3'S3 

— o'o8 

ix’30 

+ I'SS 

1 

East Coast South • 

0-8S 

— 1*39 

3*18 

— 0*82 

7*37 

+ 2*21 

5-76 

+ 0*90 

6-72 

— 1*62 


Madras South » • 

0*39 

*— 0*67 

o’6o 

— 0*48 

2-69 

+ 0-67 

1-86 

— 0*37 

S'89 

— 0*15 


Mean for whole country 

xo’87 

+ 1*09 

>5*47 

+ 1-93 

I2'i6 

4- 1-08 

8-73 

+ 1*19 

6*40 

+ 2-61 


1895. The meteorological conditions over the Indian land area antecedent to the 
establishment of the monsoon were, as in 1894, favourable for a strong monsoon. Pres- 
sure was in moderate general defect during the period, the chief feature of the pressure 
distribution of May having been a largish local deficiency in Northern India — greatest 
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over the Gangetic Plain. The cold weather rainfall over North-West , India and the' r 
snowfall over the North-West Himalayas had been about normal, but the precipitation 
ceased unusually early, (about the middle of February), and the winter .accumulation ' ■ 
melted very rapidly during March and the snow-clad surface was considerably below . 
the normal at the end of May. Ordinary hot weather conditions obtained over India in- ^ 
March and April and strongly marked hot w'eather conditions in . Ma)', , There, tvere, .■ 
however, indications in May of a feebler determination than usual of humid w'inds from ■, 
the Equatorial belt northwards towards India. Consequently in the pre-monspon period 
the following were the most prominent features of the weather , , _ , , ‘ 

(1) Very favourable conditions over India. 

(2) Indications of feeble and late advance of the humid currents from Equa- 

torial regions. < ^ ■ - 

The Bombay current was considerably delayed, appearing on the Malabar Coast 
about a fortnight later and on the Bombay coast about a week later than usual. The : 
Bengal current advanced across the coast in the third week of June. Both currents 
extended rapidly into the interior and general rain fell over the whole of North,- 
Western and Central India before the end of the month. Both currents were deter- - 
rained more strongly than Usual to North-West India, and the central parts of . the 
country, and North-West India received more rain than usual, while parts of Burma and 
of North-East India had a large deficiency. The Bombay current was weak during the 
greater part of July and the rainfall was deficient over a considerable part of Western, 
Central and North-Western India, w'hile the Bengal current was also weak and irregular', , . 
though giving heavy rain to Assam. The Bombay current was strong during the first 
half of August, but feeble during the second half. The Bengal current was strong- 
throughout the month. The rainfall was irregularly distributed and was in defect over a . 
large part of Western and North-Western India. In September the Bombay current was 
weak throughout the month, having withdrawn from Upper India about the end of August, 
and the Bay current w-as slightly w'eaker than usual. Consequently the rainfall was in , 
excess over the Peninsula, in defect elsewhere, and practically altogether absent from the 
extreme north-west of India. , ' - 

The following gives a summary of the rainfall variation data for the monsoon 
months June to October 1895 . 


Provixce, 

Divisiox, 

RAINFALU 

June. . 

July. 

August. 

September, 

October, 

Actual^ 

1895 . 

Varia- 

tion 

from 

normal. 

Actual, 

1 S 95 . 

Varia- 

tion 

from 

normal. 

Actual, 

'S 95 . 

Varia- 

tion 

from 

normal. 

Actual, 

j395. 

Varia- 

tion 

from 

normal. 

Actual, 

i£05. 

Varia- 

tion 

from 

normal. 



lnc)ies. 

Indies, 

Inches. 

Inches. 

laches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches, 

, 

Tcnasserim • 

•(■•S3 

■f I'Op 

33-63 

— W44 

, 4477 

+ TH 

24*91 

+ -■■74 

6' 24 

— 3 ‘SO 


Lower Burma Peltaic 

So’C6 

+ >'S 7 

fg*o5 

— 3'96 

20*30 

“7 

•s '30 

+ 2p7 

'6-34 

-i'DS 

Dvrma . ./ 

Central Burma • • 

■Jl'rg 

- 4*21 

1071 

- I-3S 

I ■•84 

— I'lO 

S ‘27 

— 0*41 

'3’=S 

-“3*50. 

1 

Upper do. . 

0-12 


4 * 6 t 


6-6 


S *25 


• *'99 


■HH 

Ara^an . • . 


—2571 

36-SS 

-1177 

33*57 

+ 2*02 

17’53. 

- ’s'oo 

■ 4 ’So' 

“4*24- 


























417 


IN RELATION TO THE INDIAN RAINFALL 



Bengal akd 
Assau. 


^*ORTH•^VEST• 

. ERN Provin- 
ces AND 
OUDH. 


Eastern Bencal • 
Assam Surma • 

Da Brahmaputra 
Deltaic Benj^l * 
Central Do. • 


Chota Na^fpur • • 

South Bihar • , 

North Da • • 

:NoTthAVcslem Prov- 
inces East. 

South Oudh • 

North Do. • . 

North-Western Prov 
laces Central. 

North-Western Prov- 
inces West, 

North-Western Prov- 
inces Submoo- 
taoe. 


June. 1 July. I August. September. October. 


Varia- Varia- Varia- Varia- Varia- 

Actual, tion Actual, tion Actual, tion Actual, tion Actual, tion 

iSgs. from iBgs. from iSgs- from 1895. from 1895. from 

normal. normal. normal. normal. normal. 



Inches. Inches. 



Inches. Inches. Inches, j Inches. 
10*79 — 169 575 

19*39 - 4**4 6*17 

lo*6S + 0*41 1*94 

5*43 — 3*49 4*5* 

6*99 - 2*9S rSs 

13*53 — 2*55 rSi 

9‘3S — 0*87 5*35 

6*00 •— 2*59 2*S3 

5*55 — i‘Co 0*23 ! 


Bombay and 
Malabar 
Coast DISTRICTS 
(Madras). 


Cbntral Prov- 
inces AND 
Beras. 


Punjab Sub-montanc . 
Punjab Hills . . 
North-West Punjab . 
West Punjab . . 
Malabar « 

Madras South Central 


Bombay Deccan 
Khandesh . • 


Central Provinces Cen- 
tral. 


Central 

East. 


Provinces 


ia*i5 
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j ' . 

■ , _ ■ ' RAINl-ALU, :• - ", 





] August. , 

1 Skrtemb'er. ■ 

1 . October.-'- 

Province. 

Division., 






' ’ 

- ' ' 





Actual, 

Varia» 


[ ,Vaf»a-' 

Actual 

'Voria- 







tion 

Actual, 

! .tion 

tion 

Actoal, 






I Bps. 

from 

» 8 P 5 . , 

from , 

1895. 

' from 

iSps; 


189s . 


' _ , _ 



normal 


normal 

riormal 

norma! 

normal. 


' 


Inches. 

, Inches. 

1 Inches, 

[oches. 

Inches. 

Inches. 

Inches, 

Inches. 

Inches. 

Bombay ( 

Gujarat , * - % 

6*19 

— 0^07 

13*42 

1— 6*12 

f' ■■ 

0‘oS 

— 0*20 

3 *t 3 

- 4 ' 9 o 

■' r'07 

-R o'}i' 

■ (North),.. J 

Kathiawar.- • ’ . 

: 3'?s- 

+ 0 * 52 - 

' 8-87 

- 3 - 5 T,- 

6 - 5 i 

-f 0*27 

- 

— 3'30 

f*l2 

*'' 0 - 4 } 

A. 

Sind = ' , - • 

o’ai 

o' 

' 0 * 44 ' 


■ 4 - 3 S 

+ 2*12 

: ’ 0*02 

— 0*47 

d*oj 

f o'o6 

' 1 

Central India EaftA' 

■ 8 ; 4 o- 

+ 2-Ji- 

- S oj. 

— .0'S4 

9:29 

— - 3 ’t 3 

,2-98 

“• ' 3 * 5 ^ 

r . 0*36 

- .'-SS 

Rmputana and/ 
Central \ 

India.. 1 

Rajputana .East* 

Centra) - India 
West.- 


0*39 

■ 6-63. 

- 3 -T 3 

S'a: 

- .1-52 

0'S6. 

.3*78 

o'd? 

— ' 0 * 45 ' 


West Rajputana ; ' 

I'ol 

- 0-36 

■ 2*75 

o'sS 

3 - 8 i 

— 0*67 

;0-lO 

- I'lg 

, 0*02 

— o’o6 


East Coast North • 

7 -go 

+ a'oo 


* 2-37 

' io*J4 

■R . 3-30 

i'og 

V. 2;i8 

'.s-ss 

+>1*46 


; Do. dol {a)' 4 

' li'Sp 


■ isf-e 

■R o'jS 

13-80 

+ i*n 

. 9 "S 2 

+ 1*19 

3-73 

— . j'di 


j Hyderabad South , • 

3 ' 7 <> 

— .0*76 

• 4-64 

- 0*23 

7’49 

+ )*68 

S ‘56 

■R 4 -«S 

5-03 

+ 2*76' 

Madr.is . ... 1 

Madras Central ■ . . 

3‘24 

0‘39 

3*25 

t 0*fO 

■ 3-78 

- 1-37 

7-73 

■T,,2-3> 

' 6*57 

+ J *03 

, East Coast Central 

. i-iS 

— 007 

■ 2*10 

0*35 , 

3*35 

‘t 0*29 

3-28 

+ 1-07 

,10-83 

•+■ roS 


1 East Coast South ' 

0*84. 

— i' 4 Z 

3*59 

-*-■ 0-39 

. '0-49 

■R 1-33 

7-S4 

+ ,'2-78 

. 11-84 

+,-i'So, 


i Madras South ♦ ' • 

o'Sl 

0*25 

0 '-l 9 

— 'o *59 

■s -43 

+ 0*46 

3*40 

4 - .'0-17 

10-83 

+ 4-81 

, . ’ ^ 

Mean for. wliole country 

9-53 

— 0*33 


-'.i-sS 

11*17 

+ 0-07 

' 0-43! 

— I'lS 

■ 3 ' 24 '' 

- 0‘53 


1896. ' The pre-monsodn meteorological conditions ovdri I ndia-were favourable for a i 
strong monsoon and also fdr its: rapid extension lirito- Upper "Iridii,- The -cold weather 
rainfall and snowfall had been normal or slightly to considerably belowvthe normal in the ' 
Punjab" and the North-West Himalayas, and ' the winter precipitation, ceased unusUally 
eary (about the middle of February). The winter accumulation of snow was small in 
amountand melted very, rapidly in. March a'nd-April. Hence the Hot weather conditions, 
set in early ihlMarch and, AprUfand were very strongly 'marked in'.May when, temperature' 

, was largely in excess of the average. Pressure .was in moderate defect oyer the Indian 
land, area during this period and' there was a ia:rgish -local Ideficiency of pressure over 
Northern India; greatest in the Gangetic, Plain. , Conditions , were, thus.fayourable, over 
India for .the advance of the monsoon. There; wercj however, ^ indications in May of' a 
fecblhr determination than .usual of humidViiids :from,,the'Equatorial belt, northwards to 
India. : The .monsoon corfimenced on the Malabar and'Konkan Coasts . on the.'i'ath. June ': 
and in 'Bengal on the iSth. ,, Both currents advanced ; rapidly .over the.- country but the >. 
monsoon was weak, more especially the Bengal current.'. The rainfall , was. delicierit over 

Burma and North-East India and, normal or. in excess elsewhere. In July the. nionsoon cur- ■ 

rents were, normal or above their normal strength .and.therrainfali - of- the. tnonth 'was, more • 

- or less in excess .across the head of the P eninsula and in Gujarat and Kathiawar, but was , 
generally in slight- defect in -Southern India and in moderate to large defect.in Northern , 

India; The Bengal current was moderately .strong throughout the mpnth of August, while 

.the Bombay current, was strong,. except during the last ten days. ; , The, rainfall of the ' 
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month was in excess in Burma, the West Coast and across the head of theiPeninsula, but 
was in defect over North-Eastern, -Central and North-Western India and in the south of 
Madras. The monsoon withdrew from the whole of North-Western and Central India in 
the third and fourth weeks. September 1896 was an abnormally dry month over the 
greater, part of the interior of India owing to the weakness of the monsoon currents. The 
rainfall of the month was ‘in e.xcess in Tenasserim, Lower Burma, East and North 
Bengal and South Madras, but was in defect elsewhere — more particularly in North- 
West and Central India and- on the West Coast. The following gives the tabular state- 
ment of the monsoon rainfall for the months June to October 1S96: — 





BAINFALU 




Juke. 

jULT. 

August. 

SsrrEuDEi!. 

OcTODER. 

_ 

. 










.... . 

















Actoil, 

VatIj. 

Actual. 

V«ra- 


Varia* 


Varia- 


Varia- 




tion 

tion 

Aetna!, 

i8g6. 

t>on 


'tbn 

Actual, 

tion 




iSjS. 

from 

tSyG. 

from 

from 

1890. 

' 

from 

m 

from 





normal. 


normal. 

normaJ. 

norma!. 

normal. 




Inches. 

Inches 

Inches. 

Inches. 

Inches. 

locbesi 

Inches. 

Inches. 

Inches. 

Inches. 



Tcnijwnrr. . • • 


S-J3 

44-37 

— 2*10 

SJ-IS 

+ iG-35 

29*20 

+ 7*01 

9-35 

4 - 0 * 3 * 


1 

Ltmer CufJM Dtltak 


4 - 3*61 

; 45-49 

+ 5-49 

49-19 

4 “ 9*00 

20*64 

7 -K 

S*04 

■h 0-34 

BUEVt 

■ ■( 

Ccntn] l^ortr.a • • 

.5-09 

— 3*03 

«3‘57 

- o-CC 

lyoj 

4 S-I5 

7-33 

- 1-45 

4*0* 

— 0*22 


1 

• • 

10*26 


4*0» 


6*04 


7-40 


371 



1 

AnliSn • . . 

40-7 

— tS’Co 

£yj9 

-t- 779 

S37J 

•4 93-33 

2076 

+ 1*73 

5-01 

- 3-57 


1 

eutsSa Uiofil . . 

; 1S-4® 

+ 0*42 

13*17 

- 4 'S 4 

rio 

- 6^4 

1373 

4 - 2*26 

o ’54 

— 5*00 



Assin Sums . 

ISJ 7 

- Tn 

««9 

- 3 ' 4 ' 

18*09 

- 0-99 

ir 47 

- 0*26 

0-50 

- 4-97 



■Do. wnis , . 

10-40 

— IS-JJ 

■e 4 -ss 

+ 1-67 

IS ‘07 

- 11*05 

> 9*50 

- i'H 

1-04 

- 4-17 



Do. Brthtaaptjtra « 

lO’oS 

- 6'2S 

iC'oo 

— P'03 

13*99 

- 097 

8-33 

- 1*61 

1*31 

- 3*11 



Deltilc . • 

Ij-Si 

+ 3 'I 2 

Ii-St 

+ 0*03 

B -35 

- 3-S4 

8*01 

- 0*49 

0*09 

- 4*^2 



Ccstfsl io. 

ii'aJ 

4 - 1*31 

10*62 

- 173 

7-35 

- 3*99 

r 89 

- 1*50 

0*05 

- 3*47 

DCNOAt 

'A«n/ 







Assam. 


Kcfth ^ • • 

roo 

— I 4 'o 3 

i8-oJ 

- 1-66 

7-39 

- 739 

18-53 

+ 3-14 

1*69 

- a-85 



ffill# . * 

ir 45 

-1177 

30-35 

- 9-22 

33-37 

- 57 i 

20*15 

4 * ria 

973 

- 3S3 



OrKta « t • 

I 4 *« 

+ S 73 

15*07 

+ 3*40 

157:3 

+ 3-04 

S-Si 

— rS9 

0*09 

— 5-76 



Choti Wajrpof • • 

is'.S 

+ 4-09 

17104 

+ 3*90 

13-04 

- ri4 

4-99 

- 3*43 

0 

— 3-92 



cnuf • » 

7-03 

+ o -$9 

9-CI 

- 3-04 

9-03 

- S*i 3 

5-39 

- 1*40 

0*01 

" 3*59 



Notth io. • « 

S -49 

— 37 * 

11*30 

- 3*45 

S- 3 S 

- 434 

6*25 

— 3*35 

o'o6 

- =73 



North* Western Pro- 

ri 9 

+ 1*30 

E-36 

— 3*47 

6-37 

- 9-59 

075 


0 

— 3*|6 



»in€« Ea» 1 . ' ' 











South Oudh • • 


- oWS 

5*33 

- 4-87 

0 - 9 $ 

— 3*49 

0*11 

— 6*41 

0-03 

- 1-53 



North do. 

r^i 

+ 073 

C*40 

— 5*39 

15-93 

■h 5-54 

0-53 


0*03 

— 1*59 



Norlh*WMton Pro' 

4 -sfl 

4 0-7J 

7 -Sj 

- 3 'W 

6*20 

- 4-35 

0*38 

^^9 

•*01 

— 1*03 

K 0 RT 11 *W 1 S-I 

trinceo Central. 







TIRH 

Vtov-I 













AMD 

North'Wcstfrn Pro* 

J-Ci 

+ 0'2ff 

• 0*62 

+ ^o '^7 

• 4'47 

- 3-43 

D-iO 

■4*42 

0 

- O-Jl 

Ouoil. 


vincea West. 


— -fl-Sa 







North WeUrm Pro* 

474 

7-Ci 

- 4-89 

10*39 

— 0*39 

1*04 

— 6-S7 

0 

- 3 -S 7 



vmcea Eiit Sob* 
montane. 













Norlh-Westerti Pro* 

rsj 

■h :-i3 

io*t8 

— 4*49 

14-89 

4 178 

0-50 

- 6-55 

0*05 

— o*;S 


* 

»inc« Wcit Sub* 
monlane. 













Nort MVestern Pro- 
»mct 5 UiUt. 

IJ-SO 

* 4*73 

13*05 

- J-OI 

17 * 9 * 

+ 1*39 

0 * 1)3 

— O-Ss 

o'i3 

“ 135 


c 2 
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Division. ■, 


Bohbay' and I 
M A L A D A R I 
Coast Dism 
TRiCTs (Mao*' 

HAS). \ 


I South-East Punjab , 
r South do. , 

Central Punjab • 
Punjab Submontane 
' Punjab Hills . • ’ 
North Punjab • ■ 
West do.' • . 
n Malabar . , • 
Travancorc • • 
Madras South Central 
Coorg , , 

Mysore . « 


Bombay Deccan 
Khandesh 


Cbntral Pro- 
vinces -andI 
Berar. 


Bombay . 
(North). 


Rajputahaand 

Central 

India. 



Central Provinces West 

Central Provinces 
Central. 

Central Provinces East 


I Gujarat ‘ * 

I Kathiawar « . ' 

I Sind' , ' 

Baluchistan Hills * 

Central India East 

Rajputana ' East and 
Central India 
West. 

‘ West Rajputana 
I East Coast North . 

I Do. do. (d) . 
Hyderabad South . . 
Madras Central ' 

East Coast Cenlrar^ . 
East Coast South 
Madras South . ■ . 


[Mean for whole country toSSs 
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1897. The meteorological conditions in the Indian land area antecedent , to the 
establishment of the south-west monsoon were favourable to a normal monsoon and also to 
its rapid extension over India. The snowfall of .the winter had been normal or in defect in 
the Eastern and Central Himalayas, but the winter was more prolonged than usual in the 
‘Punjab Himalayas and there had been frequent and heavy falls of snow in March and April. 
The snowfall was unusually. heavy in North Kashmir and Central and North Afghanistan 
and there was an excessive fall between the beginning of March and the beginning of May 
in Chitral and Kashmir. The pressure conditions in India generally were favourable. There 
was, however, a tendency to higher pressure than usual in the Punjab, West Rajputana, 
Sind and Gujarat, exhibited slightly in the first three months of the year, but strongly in 
April. This accumulation of pressure was undoubtedly a result of the excessive snow in 
the North Punjab. The temperature conditions were favourable and the air movement was 
more vigorous than usual. The advance of the monsoon current over the Arabian Sea was 
somewhat delayed, occurring on the Bombay Coast about the 12th or 13th. The current 
advanced rapidly into the interior, but was below its normal strength throughout June, 
The Bay current was established about the normal date and advanced , quickly inland. 
The rainfall in June was in defect over the greater part of the country but was in excess 
m Lower Burma, West Bengal, the North-Western Provinces and the west and north of 
the Punjab. The monsoon currents were also below their normal strength in July and 
there were breaks in the rains at the beginning and end of the month. The total 
rainfall of the month was in excess in Malabar, the Konkan and the hills and western 
divisions of the North-Western Provinces and was generally in defect elsewhere. The 
deficiency was most marked in the Central Provinces, the Bombay Deccan, Hyderabad, 
Gujarat, parts of Bengal, the Punjab and Central India. The monsoon currents 
increased and were practically of normal strength in August and September, and the rainfall 
of these two months was unusually well distributed. In August the monsoon currents 
penetrated to their extreme limits in the North Punjab and Baluchistan, and the rainfall 
was in excess in practically all parts of the country except parts of Bengal. The rainfall 
of the month of September was in defect in Burma, the North-Western Provinces, the 
Punjab and parts of Central India and of Rajputana, and was generally in excess else- 
where, more particularly over the Peninsula. The following gives a tabular statement 
of the monsoon :rainfall for the months June to October of 1897: — 


Pbovince. 

Division. 

RAINFALU 

June, 

July. 

August. 

September. 

October. 

Actual, 

1S97. 

Varia- 

tion 

from 

normal. 

Actual, 

1807. 

Varia* 

tion 

from 

normal. 

Actual, 

1897. 

Varia- 

tion 

from 

normal. 

Aclual, 

1S97. 

Varia- 

tion 

from 

normal. 

Actual, 

1897. 

Varia- 

tion 

from 

normal. 



Inches. 

Inches. 

Inches. 

Inches. 

inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 


Tenassenm . . 

3o‘8i 

+ 0'S2 

4 o '67 

— 6'44 

41*19 

+ 379 

17*52 

— 7-87 

X5*3i 

+ 6'45 

- 

Lower Burma Deltaic ■ 

I3'I2 

+ 5'93 

20*13 

- Z'37 

54-96 

+ 4’33 

n’lg 

— 5-75 

10*22 

+ 1*28 

Burua . . 

Central ^ do. . 

8*23 

— 2*12 

11-41 

— o'i7 

I4'17 

+ o*6i 

6-97 

— 1-98 

9*42 

+ 3*02 


Upper do. 

- 273 

— 374 

. 5-38 

— . 1*36 

8*61' 

- I -68 

5*45 

— 3*30 

5*41 

— 0’03 


Arakan • • 

44'S3 

*• 37o 

43’Sl 

— 4*88 

48-34 

+ 13-19 

22*37 

4- 173 

13*51 

+ 3*39 

























HISTORy OF THE .-SEVEN •.RrONSObNiSEASONS, 1893-95 ,‘ 


' RAINFALU 


■ Province^ 


•Division. 


.ijuHE.',... ; . - :juLi. 

. ■ Vana- s Vari-»- 

1897. from 1897. .from 
. normal. , ■ norma).' 


:Aoa'OCT.',. '-SKpitKnkR. ' 
Aclual,' Actu'ai.i ' 


I Bengal .jind, 
Assam. ' ( 


North-We s t- 
SEN Pro-/ 

VINCES AND 

OUDH. 


PUNfAE . , , 


Bomeay and 
„ Maladar ( 
Co«tDistricts 
(Madras). 


Central Pro- 
vinces' and 
Bbrae. . 


' 'EasterriiBcnRal , 

' Assam' Saima . , 
■Do.', -Hills . .j 

■Do. ':Bni)im,aputra. 
.Deltaic Bengal • 
and/ (Central .do. . 

North .do. , ' ' i 

. Bengal Hills . , 

Orissa 

Chota Nagpur . . 

South' Bihar , , 

, North do. . , , I 

I North-Western Pro'i 
I vincesBasL , 

J South Oudh 

I North do. ; 

I North-Western Pro- 
r/ Central. 

0-/ North-Western Pro- 
'0 Vinces West 

■North-Western . Pro: 
vfnees East 'Sub- 
•raonlanc. i 

North-Western Pro- 
• Vinces nVest -' Sub- : 
montana. 

North-Western ProJ 
' Vinces .Hills, 

/ South-East Punjab ^ 5 

I South - do. , • ^ ■/ 

'[ iCentral / do , 

Punjab Submontane j 

Punjab Hills ' ,, , 

North Punjab , , ^ - 

West doe . , , J 

/ Malabar , . . ; 4^ 

Travaocore , , 2C 

Madras South Central , .1 

,35 

'Mysore _ ^ 

Konkan . , . ' ; 
Bombay Deccan , ’5* 

Hyderabad North ... 3-1 

' -Khandesh . , ^ e»*t 

^ Berar . ’’ j,, 

^AvSt. •’':°«'«:es a'-: 

■‘^Cental. ■• 

J ^ntral ProvinccsEast ■, 5-^ 


3'oo — 2-16 ,5.38 


■ ' Octdeer;','- 

^ ■' A' ■ -Varia-, 

• ■ -Aetual, ,! tion 

,,'897- from'- 

• ' iiormal, 

t Inches, inches. 

I .■7'R9 + r;4 : 

!■ ';r4-3o -.^r-jg- , 

I -.g-is- : 

' ' ■'6'4 o‘ '+ 2-44 : 

1 ,''7'SS + •.3.07' , 

'•7ir5 +13^9 

■ . < roi ■I'''''3'37 
, ‘9'43 -l- ,3'27 

.'io;5o +.,4%j , 

I ; ’ S*79 -I- a'9:> ? 

!, ' S'SS + :-3-28 

/®77 + .4;59 
“ 0*73 — o’SS ' 
. p-> -'.,o-47, 

, ?‘3S — .o‘73 

• o'oS 

‘ 6/68 4- 's'Si 


:• 7'C9 +'i-7o. 
■ 'to'2S + r'Ao 
• iS-53, ■+ SVs 
' ' I7'3S 4-' A'ss' 
‘779 +.S'^5 


■ IN RELATION-Td^THE-INDIAN-RA’lNFALL'.' 4^3.' 




- 




RAINFALL. 





’ Province. 

Division. 

June.!. 

JULY.! 

AtIGUST.'. 

•: September. * 

i October; ' 

Actual, 

iStj?.' 

•Varia- 

tion 

from 

normal* 

Actual. 

1897. 

- 

Va»ia*- 

tion 

from 

normal. 

Actual, 

1S97. 

Varia- 

tion 

from 

normal. 

Actual, 

1897. 

Varia- 

tion 

from 

normal. 

Actual, 

1897. 

Varfa-' - 
tion 
from 
normal. 



Inches. 

Incha7 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

Inches. 

/ 

Gujarat > . . • 

' a' 34 ' 

’- 3-92 

1I-82- 

■-6*64- 

I 3 * 32 - 

+ 3*86 

6*72 

-1*31 

0*68 

- 0*63 

B 0 "M B A Y / 

Kathla^var* . . • 

. I '35 

-t*gi 

9*12 

- 2 *lS 

. Il’i 4 

+■ 4*86 

6-33 

+1-63 

I'oS 

+ 0*39 

(Noetr). - V 

Sind • 

o' 

— 0*20* 

i‘ 9 r 

+0*07 

4 '80 

1- 2-86 

1*26 

40-77 

0 

— 0*03 

1 

Baluchistan Hills • 

0*09 

- 0-35 

0*85 

—0*14 

2*23. 

+ 1*48 

o‘li ■ 

,—0*04 

t 

—0*10 


Central India East • . 

. S'34 

"1-18 

. 9'S9. 

-4*12 

14*33 

+ 2*04 

• 5*04 

1— 2*03' 

0-78 

-0*73 

Rmput.^na and ] 
CENTRAL S 
India. y 

'Rajputana East, and 
Central India W6st 

. 1*62, 


9*12 

+0-03 

. 8-37. 

— 1*26 

2*901 

1-0*94 

0*20 

—0*14 


West Rajputana 

0*32 

-I-4* 

4*86 

4-0-87 

6-39 

+ 2*53 

1*79 

+ 0*26 

0*40 

+ 0*33 


East Coast North* . 

3'24 

-r66 

6'SS 

— o*t9 

9‘S6- 

4 2-3S 

U-Bs 

+4‘9S 

B-9S 

+ 3*20 


Do. Do. A.' . 

* S*T4 

-S'27 

■ I2-7S 

—2*63 

' 13*51 ■ 

+ . 0*76 

14*00 

+S-37 

9’37 

44 ' 6 i 


Hyderabad South . 

■’ 2-55 

-»*77 

6*Sd 

4-1-67 

4*34 

— 1*40 

7*36 

+ I-3S 

■ 3 - 8 i 

40-74 

Madras . .( 

Madras Central . 

3*17 

4 0-34 

2*27 

-o-SS 

4’68 

+ 0-38 

xo‘6o 

+5-24 

2-48 

-3'o7 

East Coast Central 

1-44 

—0*21 

2-58 

+0-13 

5*02 

+ 1-96 

7*90 

+4-29 

2*42 

-7-33 


Cast Coast South 

fSi 

— o*4d 

2-07 

-0-93 

6‘gS 

■. 1-82 

9‘S7 

44-70 

3-82 

-4-32 


Madras South • 

vso 

+ 0-44 

0*64 

-o'44 

2-81 

+ 0-79 

rss 

4 2-62 

3'37 

-2-67 


Mean • for whole 
Country. 

8-27 

—0-56 

12-34 

-073 

- 14-oS- 

+ 2*73 

8-27 

.+0-63 

4*19 

+0-43 


1898."^ The pre>monsoon meteorological conditions in the Indian land area were favour- 
able for a normal monsoon. The winter snowfall had "been much below the normal over 
the whole of the Western Himalayas and Afghanistan. There was late and unseasonable 
snowfall over a part of the Western Himalayas, but this melted rapidly and at the end of 
May the snowfall conditions were normal. The pressure and temperature conditions were 
favourable for a good monsoon. The conditions in the Indian Seas were satisfactory and 
favourable; and ' the only unfavourable feature was the unseasonable snowfall In the 
Punjab Himalay.is which promised to slightly retard the arrival of the Arabian Sea mon- 
soon. There was a slight delay in the establishment of the monsoon* current along the 
West Coast, where it did not set in till about the' loth of June. The Bengal current set in 
about the normal date and both currents advanced unusually rapidly into Northern India. 
The general rainfall of the month was about normal, but with some deficiency in North- 
East India and Burma. Both monsoon currents were fairly steady during July and the 
general rainfall of the month was about normal. There was more or less deficiency over 
Burma,:North East India and Madras and some excess elsewhere. In August, the Arabian 
Sea monsoon current was weaker than usual, while the Bay current was of normal strength. 
As a result, Burma, Assam, Bengal and the North-Western Provinces generally received 
excessive to very excessive rain, while the Punjab and North-West India generally, as well 
as the Peninsula received, deficient rainfall. In September there was no change in the 
monsoon. currents, the Bombay current remaining.weaker than usual, .while. the Bay current 
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was of about the normal strength. The chief features in the rainfall distribution of the 
month were excessive rain in. Bihar, general rain in the Deccan , and Southern India and 
scanty rain in North-Western and Central India. The following is a tabular statement 
of the rainfall of the months June to October 1898 ;r— ' - • 



RAINFALL. 

June. 

July.' 

August. 

September. 

■ 

.October, •, 

Actoali 
' iSgS. 

Varia- 

tion 

from 

normal. 

Actual, 

1898, 

Varia- 
tiom 
. from' 
normal. 

Actual, 

1B98. 

.Varia- 

tion 

from 

normal. 

Actual, 

189S. 

Varia- 

tion 

from 

normal. 

Actual, 
4898. > 

Varia- 
tl on 
from 
normsL 


Bsncal and. 
Assam. 


North-West- 

ERN pROV‘| 
INCES and 
PUOH. 


Tcnasserim • . 

Lower Gurma Deltaic 

Central Burma • 

Upper Burma • 

Arakan « . 

Eastern Bengal , 

Assam Surma . 

Do. Hnis . 

Do. Bralimaputra 

Deltaic Bengal • 

Central do. . 

North do. 

Bengal Hills 

Orissa • « 

Chota Nagpur . 

South Bihar • 

North do. , 

North-Western Pro 
vinces East 
South Oudh • 


Norlh-Weslern Pro- 
vinces Central, 

North-Western Pro- 
vinces West 

North-Western Pro- 
vinces EastSubrooo 
tanc. 

North-Wcslcm Pro- 
vinces West Sub- 
montane* ’ 

.North-Western ' Pro- 
vinces Hills. 

South-East Punjab . 

South Punj'ab . , 

Central Punjab . « 

Punjab Submontane . 

Punjab Hills* . " 

North Punjab • •' 

West - do. . . • 


. 1 13 — 1*23 
7*19 + I’.tC 


io’J7 + 3*d4 

3’33 — 0*19 
’ I'SS — 0*04 
0*93 — 0*66 
2*48 -7 0*30 
b*49 +. 1*71 
o'o6 + 0*07 




























IN RELATION TO THE INDIAN RAINRALL, 



Van a* 
Actual, tiott 
iSoS. 

rorroal. 


Vana* 

Acluat, lion 
ftom 
normal. 


I Tra>anro:n • • 

' MiiJras South Ctc.lraU 


Bowpvv AS^|!Co<'r^: 

M A I. A r, Al! . 

Qo\yc I Mj»crc 

T R ! C T si I 
(MAtiRAis). I ; Kotshan 


HotrAay Otctan 
\ lljrdctatad North 
{'< KhiniJc'h ♦ 


} 

/ Hrrar > 

CiKJKXL rsnv-l i 

UttAi:. I I c,r,rjt, 

\ j Ontral 
M i:«’w 


Wot. 

Ont^l 

Ccrtral 

Orr.n.\ 


thctir.tci 

PfCTlnc^* 

PrctiPtn 


Icchoi, Inches. 
yj S 7 - 1*03 

:o '44 

I'CI — 1*03 

so'r? 

470 o* 3 *> 

4 - 3 V 5 
rii + \^\ 
3*37 — 2*40 
4‘J? - >'.J2 
5*74 — »‘43 
C'/> - 0*53 
I S'lO +■ o*l^$ 

c-f-j — itx 


! j Ccjirs! . . • 1 

! Kj'.h'lwsr . • I 

i ! 

j flr.'j . . . ‘ 

I Talsclit'.tan lIHIt • i 

( I Cfr.liil Ir.^ii Hut . j 

I UM. I 

j CtMisl Well, i 

’ Wci*. R»jjvuUP-a • i 

,! i 

I Eail OvXil Nctlh • l 

I Ua rio. A. « I 

j I 

t Rj;*ctaLA'lSQ'ii*h 

I I 

MasRA*. • .(« MxJfat Central •\ 

1 Malt Cc 4 L'.l Central . j 

S 0\ -i 

i I 

\| Midtaii*<«th , . j 

jMnn for n>,o'-c cwjntry 


Madw. . 


a"?; it 05 ' 
c ol !— o') 7 

e'oi |— o'.s 

f54 j— ''ir 

j'lO I— I'i; 
! 

! 

o'57 j— 'V' 
C'i7 jt 
Vi-' 1 — 

4 'J 7 |— 

t 

'•>70 i- o';3 

g ! t o'ti 

r^j !— oT^ 
0 ';; J- 


J 'M j- 0-57 i 


RAINFALL. 


August, j Ssttumiits. | Octodkr. 



Varta- 


1 Varia- 

tion 

Actual, 

' lion 

1 from 

)S-;S. 

Irom 

normal. 

1 

; normaL 

i 


Inches. 

5 S'--ji+ iSO 


Inches. Inches. 

— 0 * 3 C U '34 

C ’:4 

— o'O) 5 * 4 ^ 

lt‘J5 

— 1*33 10*05 


3 *;s s'Os\ 

1 + 3*35 cps ' 


yio — 3 *ts 

0*SI — 1*93 
o I— w ';5 
* 3^0 + I ’ 4 1 
4 :: - 5*43 

o' 7 > - S'jS 

vrs - rj 5 

<l,\fi — S'fj 


''M - =‘57 

I'Co — 1*4^ 
5*»7 ► Q*Q! 

075 — ro 3 


13 * 3 ^ U 0*33 


1899- The mclcotoloRical conditions of India antecedent to the establishment of the 
south'west monsoon were favourable to a normal monsoon and also to its rapid extension 
over nearly the whole of India. The pressure conditions over India were favourable, the chief 
fairly persistent features havlnp; been a general deficiency of pressure, a local deficiency 
in Northern India and Burma— most marked in Bengal .and the Punj.ab — and a local e.x- 
ecss in the Peninsula and the central parts of the country. The snowfall of the preceding 
winter had been much less than usual over the whole of the Western Himalayas but had 
been probably heavier than usual in Kashmir, Kumaun and Garhwal. There was probably 

D 
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no abnormar accumulation at the end* of May. The' conditions in the Indian Seas and 
the Indian Ocean were so far as could be ascertained, satisfactory and favourable,, and 
the air movement'' in the South-East Trades region w'as at least normal or somewhat 
stronger than usual. 

The permanent advance of the monsoon current occurred on the Malabar Coast on 
the 5th June, on the Konkan Coast on the nth June and in Bengal. on the 13th June. ■ 
The monsoon was fairly strong in June and the rainfall of the month in excess over a 
large part of the country, the only areas in which the rains were conspicuously, deficient 
at the end of the month being Berar> the Central Provinces and portions of Madras. 

In July there was a general excess of rain over the area which usually receives rain 
during this month from the Bay current and general deficiency over the area dependent on 
the Arabian Sea or Bombay current. The deficiency was greatest in the north-western 
and central districts of the Bombay monsoon area, including Kathiawar, Gujarat, Khandesh, • 
Berar, Rajputana, the Deccan and the Konkan. In August the chief features of the rain- 
fall distribution were similar to those of July and the deficiency was again , most marked 
in the north-western and central districts of the area dependent on the Bombay current ' 
for its rainfall. During September and October there Was no change and the drought 
over the greater part of India was as severe as during the earlier months of the monsoon. 
The rainfall of the period June to October was in slight to considerable e.xcess in Assam, 
Bengal and the east of the North-Western Provinces ; it was iii slight defect over West 
Bengal, and was more or less considerably below' the normal over the remainder of India; 
The deficiency was largest and most pronounced in West Rajputana, Sind and Kathiawar 
in w'hich it exceeded 78 per cent. The following gives a summary of the rainfall variation 
data for the monsoon months June to October 1899:— 


Province. 

Division. 

RAINFALL. 

June. 

July. 

August. 

September. 

October. 

Actual, 

rSgg. 

Varia» 

, tion 
from 
normal. 

Actual, 

1899. 

Varia* 

tion 

from 

normal. 

Actual, 

i3g> 

Varia- 

tion 

from 

normal. 


Varia- 

tion 

from 

normal. 

Actual, 

1899. 

Varia* I 
tion * 
from 
normal. 



Inches. 

Inches. 

Inches, 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

j 

Tcnasserim • ' • 

■ 29 'j 5 

— 10*59 

S»'i9 

+ 3*93 

34*09 

- 372 

I9‘97 

- 

4*01 

3'So 

— 6-93 

1 

Lower Burma Ddtalc* 

17-53 

- ,1166 

>9*99 

- 3*07 

20*29 

— 0*46 

, I6*i8 

+ 

2*66 

3'i9 

— 5*55 

Durua . .( 

Central Burma • * 

9-14 

- 3*90 

17*21 

+ 4-75 

12*19 

- J’34 

■ S'B7 

- 

0*48 

3*01 

— 3*13 

1 

Upper do, • • 

6*40 

- 377 

S-30 

- 1-65 

6*89 

- 47> 

8-33 


>•>3 

5 'i 6 

+ 0-51 


AnWan • 

40*70 

— 12*30 

CS’2I 

+ 19-89 

37-66 

+ 5*2* 

IS-7S 

- 

1*69 

• 7*00 

- =-43 


Eastern Bengal . 

.17*40 

+ 0*45 

32*93 

+ 4*92 

19-46 

+ 3-19 

12*74 

+• 

1*72 

11-9S 

■f 6*24 


Assam Surma • 

ai’cd 

+ .7-771 

,25*13 

+ 6*03 

17*20 

- 3*77 

17*49 


1*00 

6*82 

-I- To. 


Da Hills . . 

30*53 

— 2*26 

> 21*76 

r 3**7 

24*35 

+, 1*40 

52-89 

+ 

2*22 • 

11*31 

+ -3-49' 

Bkitcal and { 

Do. Brahmaputra , 

' ip'SS 

rf- 4*06 

ir52 

+ I *38 

i6'si 

+ 2*24 

12-38 

4- 

1-25 

' 6*07 

+ a'li 

Assau. 

Deltaic BengaL , 

IJ-fll. 

+ 3*25' 

19*82 

+ S'ot 

10*99 

— 1*20 

S*4i 

— 

0*09 

4-41. 

“ 0*10 


Central, do. • 

12*33 

+ 2-30 

. >9*00 

+ 6 - 65 ' 

11*25' 

- 0^17 

9-36 

4- 

0*J3 

2*67 

0*89 


North do. , 

24'52 

+ 3-39 

20*98 

“ 0*92 

22*11, 

+ 5*04 

19*66 

4* 

4-28 

, 3*55 

- 2*0S 


Bengal Hills . 

24*86 

- = V® 

31*65 

- 3’3> 

' - 

, 1 2 S*o6 

+ o’oS 

33'35 

+ 

3-8. 

5-57. 






















IX RELATION* TO THE INDIAN RAINFALL. 



j jutY. I August. SmEMcm. | Octobir. 


RAISFALU 


Varia- Vatia- 

Artual, \wn Actual tk)n Aclual, 

f»om 1 S 99 . from iS-yj. 

normal. normal. 



V.atia- 1 


VatU- 

Actual, 

lion ' 

Actual, 

tion 

1899, 

from 

1S99. 

from 

normal. 


normal. 


Brs’CAL Afro 

Asm«. 


NorthAVcst- 
ER.S rcov- 
JXCT5 AKO 


Bombay akd 

M A t A B A R 1 

C<I^aT Dt»-/ 
TXiCtS (MadA 
RAS). 


Ornia 

CbatxNacFRf • • 

B-:*Lsr 

North da, . , 

N orthAVf * t c r D 

rrovxn<rt Eatl, 
SctihOiiih . . 

Ncrih do, • 

N Of I hAVrf t c f n 

rfOTif.frt 

Nor \ h»\V c a ( « r D 
I'lotirrrt Wnt, 

N o r I KAV cstcrn 

N o T t bAV cttcrn 
rrcvxrtt^. \V(-.l 

5<df?r:orsar.‘‘. 

N « t bAV f <1 1 e r a 
rraTi^cr% 

} Sotithd!**! r«njab « 

i 

I Sc'.lh d?. 

Crr.tnl do* 
rcfcjib Ssl fsoctaaf • 
i ruajab HiHs • • 

North Pcn>»b • 

Wet da. • • 

MaUbar . 
Tfarar.fcre 

M.Jrts Sootti 
Cnirtl, 

CoatZ 

Mjaorc • 

Kcftban • 

nembay Dfccan , 

Hydrtabad t^ofth 

Klandr.S • * 

IWif . 


fcchcj. Irchci; 
11*74 + oV *7 


CrKTBAt Pro* 
Vljrcw AMO. 
licxar. 


n O M 15 A T 

lNx»tTM). 


Central rrOTtncfi 

Wc^f, 

On'.fAt 

Central 

Central Prottnera 

Cojxrat • , 

KathUwTf . 

. • » 

nalurbiiUn llilts 


+ r-tSi 

337a 


1 

+ 

327; : 

H 

+ 7*25 

iSiC; 

* t-3^ 

+ 3'5» 

1 S 7 S 

* rsi 

+ 4*01 1 

Wjra 

+ C'o] 

+ 773 


■*• s'J9 

^ 7*74 


— I'i? 

*4*23 

1 

+ I4'19 

+ XC3 

! Mtii 

1 ' 

— 0"04 

♦ 4*15 

3I*^J 

+ 4’J7 

* S'Sj 

KSl 

— rt7 

o'Fa 

fi*! ! 

- JO 


Inchcr, Inches. 

- 7'M S-S 4 

- 4*56 o*Sy 

— I'ij ofo 

+ f* 4 Q 1*05 — 174 

— 4*47 o‘30 "• *’S3 

- 3*44 o*oS " I ‘55 

— 4*09 *“ >75 

o — ro 4 
0*01 — 0*5i 
fol — 



o'jS 

- C-st 

VSO 

- 641 

e’JJ 

- s'S; 

o'-*S 

— 3'IJ 

C*I0 

- 5-JJ 

t'30 

- J’J9 

075 

- s^s 

o-Si 

- ••■3 

o'o& 

— 07s 


o*cd j— e'i5 
0*04 — 0 *JI 
0*14 j- *‘24 
0*46 — 0*46 
o*T 7 “• o’«!> 
o‘crj — e‘o5 
l »-50 + *74 
i^'70 

4-46 " r 4 J 


rCj — 3 ‘S; 

0*58 - 4’«>3 
0*04 - :'7i 
0*10 — 371 
0 'C 2 “ 2‘47 
O’OJ — 3 'o 6 I 
o — rS5 i 


o'ol '•* 0*65 
0 — e’oj 


D 


































428 


HISTORY OF THE SEVEN MONSOON SEASONS,. 1S93-9S 








RAINFALL. 

■ 






June. ■ 

JULV. 

August. 

September. ' 

. October. 

Province. 

Division. 

Actual, 

1S99. 

Varia- 

tion 

from 

normal. 

Actual, 

1S99. 

Varia- 

tion 

from 

normal. 

Actual, 

1899; 

Varia- 

tion 

from 

normal. 

Actual, 

iS99‘ 

Varia- 

tion 

from 

normal. 

Actual, 

1899. 

Varia- 
tion ^ 
from 
normal. 



Inches.. 

Inches., 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

f 

Central India Cast . 

13-91 

+ 7*39 

777 

— S‘70 

2*91 

- 0*37 

1*79 

- 573 

0 

- I '55 

RyPUTANA ahdJ 
CENTRA!. 1 
India. I 

Rajfputana East and 
Central India 

West 

West Rajputana 

7*40 

+ 4*13 

S-S7 

— 3*22 

0*28 

— 9*37 

0*53 

- 3'3I 

. O'OI. 

" 0*33 

1*42 

— 0*33 

o'sC 

' 

— 3‘37 

0‘02 

- 3'8S 

Vis' 

- i'38 

0 

T 0*07 


East Coast North , . 

3*22 

- 170 

4*42 

— 2*24 

. 6*84 

— 0*17 

573 

- 0*97 

4'93 

— 2*17 


Do, do, A. . 

4‘ot 

— 6*40 

II-IS 

- 4*23 

IJTS 

+ 0*40 

5*07 

- s '60 

2*18 

- 2-5S 


Hyderabad South . 

3 ‘08 

— 1*30 

. «77S 

- 3’97 

3-86 

— 2*46 

5*ii 

— 0*90 

0*l(J 

*r 2*91 

Madras . .( 

Madras Central . • 

0*67 

- 1*95 

o‘5o 

— 271 

2-54 

- 17s 

S’oO 

+ 2*63 

2*17 

- 3*43 


East Coast Central 

o‘73 

— 0*92 

0*84 

— I'fil 

2*51 

— 0-55 

3*70 

+ 0*09 

13'os 

+ 3'3R 


Do, South 

0*69 

- rsS 

s'oS 

— 1*07 

3*37 

- 2'C5 

’ 5‘30 

4- 0*89 

isyy 

+ 6-44 


Madras South • 

o'3C 

— 070 

o‘<!4 

— o’39 

o‘Ci 

- I7p 

1*55 

— c’sC 

S-S3 

+ 2*50 

HHI 

Mean for whole country 

10'2C 

+ 077 

n*35 

— 1*46 

7*90 

- 5-35 

s‘46 

— 2*11 

■ s'flB 

•—0*98 


The preceding tabular statements have been copied from the rainfall tables 
given in the Monthly Weather Reviews of the Indian Meteorological Department, Slight 
variations are shown in the actual and variation data due to changes in the divisions 
and in the number of recording stations, but the general results are comparable. 
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PART 11 . 

Long period pressure oscillations and their relation 
TO THE TrADES-MONSOON RAINFALL. 

The preceding sections give a brief account and full tabular statement of the rainfall 
over India for each of the seven monsoon seasons (1893— 1899) under discussion. 
The following gives a tabular statement of the principal features of the rainfall variations 
of each season derived from the variations of all parts of India, omitting Burma and the 
hill districts : — 


Table 1 . 


Yeirs. 

May. 

\ *' 

June* 


Augfist* 

Seplcnber. 

October, 

Seasonal 

wiation. 



Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

Inches. 

Inches. 

»S 93 


+V 39 


+0-07 

— o'98 

+ r 57 

+0'42 

+4'SS 

iSgt 

* • • 

-0-S5 


+ 107 

+crC <5 

4 o '94 

+2'S! 

•ffro 7 

1E95 

• • • 

— 0-44 

+£>•09 

— 0-67 

— o'og 

— 1-27 

- 0-25 

— 2'G3 

1896 


— 0*39 

+ 0 - 3 S 

— 0-39 

+0-46 

— 2’98 

—2-41 

— So 3 

1S97 

• • • 

— 0-36 

-073 


+ r46 

+ riG 

+0-31 

+ 2-40 

1893 


— o '63 

--©•ig 


+0-17 

+ r 3 a 

— o'sS 

+o'G9 

1899 

» » • 

— o'oS 

+ i ’49 


—379 

_j- 3 j 

— 0G7 

— C -49 


The preceding data show, that, during the years under review, there have occurred 
very large variations in the monsoon rainfall over India. In the year 1894 the rainfall 
was excessive throughout the whole monsoon season, from June to October, and the 
seasonal excess was more than 6 inches; while, on the other hand, in the year 1S99 
rainfall was short of the normal in each month of the monsoon season, except June, and the 
total seasonal deficiency was as much as inches. The striking contrasts which occur 
in the rainfalls of the different monsoon seasons render the seven years under review parti- 
cularly favorable for the purposes of the present investigation, the objects of which are to 
connect, if possible, the meteorological changes in progress over the Arabian Sea and the 
West Equatorial Belt with the variations of the rainfall over the Trades-monsoon area, 
and more particularly the monsoon rainfall over India. 

The first point which presents itself for investigation is the relation existing between 
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the mean pressure conditions of the Western Equatorial Belt and the South-East Trades 
region and the Indian monsoon rainfall : — 


South-east Trades REGION. 

Seamial pressures in the South-East Trades region derived from the records of the 
Mauritius, Zanzibar and Seychelles ohscrvatorfes^ — The following table gives the mean 
monthly pressures of the South-East Trades region, derived from the barometric means 
of the three observatories at Mauritius, Zanzibar and the Seychelles.: — . 


Table II. 


VlAR. 

Station, 

lilay. 

June. 

July. 

August' ‘ 

B 

October. ■ 




n 

» 

• 



' 

9 

r 

Zanzibar 

* 

29'978 

30-035 

30-058 

30*100 

30*002 

29-946 

i 893 j 

Mauritius 

. 

30 ‘osi 

30-106 

•157 

-225 

•140 

30*072 

Seychelles* 


29-895 

29-897 

- 29-925 

29-974; 

29-925 

29-911 


Mean , 

• * 

Z 9 ' 97 S 

30019 

Means 

30-047 

30-023 

30*100 

, 30-022 

• 29976 


Zanzibar 

• • • 

29-972 

30-052 j 

30-046 , 

■ 30-026 

■ 29-99S 

* 9 ’ 93 t 

189+1 

Mauritius 

. 

30-016 

•103 

; -116 

’139, 

; 30-110 

30-036 

Seychelles 

• • • 

29-874 

29-894 

29-898 

29-S94 

29-908 

29-886 , 


Mean . 

• • • 

29 - 934 , 

30-016, 

Mcan= 

30*020 

30*020 ■ 

30*005 

■ 

.29-951 


Zanzibar 

• • • 

29-975 

30-064 

30-078 

30-024 

o 0'033 

29-956 

*895 

Mauritius 


30-030 

30 -to 5 

30 'i 42 

3 o-n 3 

30-134 

30-046 


Seychelles 


29-871 

29-878 • . 

■ 29-938 ■ 

: 29-899 

29-931 

29-877 


IMean , 


29-963 

30-016 

Mean: 

30-053 

: 30 - 007 ,. 

30*012 

30-033 

29-960 

/ 

Zanzibar 

• • « 

29-978 

3d;o26 

30*096 r 

30-068 ■ 

1 30-018. 

29-977 

i8g6< 

Mauritius 


’ 30-039 

■ ■ 3 o:roS. 

' .30:178 

■ 

■ 30^204 

■ 30:143 

30-079, 

/ 

Seychelles 

. . 

• ' 29-894 

29-S82 

•' • 29 ’ 9 S 9 

29'939 

29-914 , 

29-916,. 


Mean . 

• 

29*970 

30-004 

Mean: 

30078 

=30-023 

30-070 ‘ 

30*025 

29-991 


Zanzibar 


■ 29-984 

30-066 

30-054 

30-047 

30*021/ 

29 9S1 

1897 

Mauritius 

* k * 

30-049 

30-0S6 

30-131 

, ' 30 -'Sf , 

30-142 

, 30:084 ■ 

Seychelles 

. 

29-853 

■ 29-867 , 

29-884 , 

, 29-897, 

29-906 

29-924 


Mean , 


.29-962,' 

. 3o;oo6_ . 

Mean: 

36:023 , 

= 30-007 

' '30:032 

30:023 

293 p 6 


• Barometric rncans interpolated, 
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Table ll—concld. 


Year. 

Station. 

May. 


BBII 


_ September. 

October, 



It 

0 . 

It 



a 


Zanzibar . . . 

29'926 

30*021 

30-013 

30’045 

29-9S9 

29-948 

1S9S 

Mauritius . . 

30*007 

30-099 

30*121 

30-128 

30-093 

' 30-033 

Seychelles . 

zg'SsS 

29-872 

29-891 

29-907 

29-883 

29-895 


Mean . . 

29-924 

29-997 

Mean- 

30-614 

=29-986 

36*027 

29-988 

29-965 


Zanzibar , . 

' 29'975 

30 'o 64 

30*090 

30-657 

'36067 

29-961 

1899 j 

Mauritius 

30-030 

30*107 

30*220 

30*209 

30-161 

30-078 

Sejchelles- . 

29-862 

29-915 

29-944 

29*930 

29-962 

29-918 


Mean • • • • 

29-956 

30-029 

Mean= 

30-085 , 

30-031 

30-069 

30-063 

29-986 


From the above data the following table has been constructed : — 


Table III. 


Years. 

1S93 

1S94 

1895 

IS96 

1S97 

i 8 g 3 

1B99 


ti 

a 

0 

f/ 

II 

7 

V 

Mean pressure South-East Trades 
, Region. 

Variation from normal . 

30*023 

29994 

30*007 

30-023 

30-607 

29-986 

30*03* 

•b 0-013 

—•016 

—■003 

-foi3 

—•003 

"■024 

-b-02I 

Abnormal change from season to 


—‘029 


-i--oi6 

— -016 

—•021 

+- 04 S 

season. 

Rainfall variation over India * 

-f 4-88 

-(-6-07 

—2-63 

“ 5-33 

+ 2*40 

•f 0-69 

—6-49 


The above gives (ist) the' actual mean pressure of the South-East Trades region as 
determined from the registers of Mauritius, Zanzibar and thd Seychelles observatories for 
the six months',' May to October for each year from 1893 to 1899; (2nd) the variation of 
each season’s mean from the mean of the whole ; (3rd) the abnormal pressure change 
between the season of date and the preceding' season ; and (4th)' the rainfall variation over 
India (excluding Burfna) for the six months May to October for each year. The pressure 
values apparently exhibit a slight oscillation. Thus in 1893; 1896 and 1899 mean 
pressure was at a maximum, while in the interveniiig years, viz., in 1894 and 1898 it was 
at a raiiiimum,- thus suggesting an oscillation of about three years in the pressure condi- 
tions. This is shown by the curve given in Fig. i, PI. LXX'VI 

An inspection of the actual mean pressures and of the corresponding rainfall varia- 
tions over India; as given in Table III shows, that there exists no direct relation between 
the two- phenomena’; thuS in’ 1893 and in 1896 the mean pressure of the South-East 
Trades region for the monsoon period was 30*023" in each case, while the' corresponding 
rainfall variations over India were +4'88 inches and — S’33 inches respectively, showing 
that the same actual mean pressure in the South-East Trades region triay be accompanied 
with opposite rainfall condition's in India in different years. But an inspection of the above 
curve exhibits what appears to be a relation, not indeed, between the actual pressure aifd 
the corresponding rainfall variation, but between the pressure change be’tween one season 
and the previous one and the accompanying rainfall variation over India. 
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Thus- in 1893 the,, pressure, movement was downward and the-raihfairvariatiori, was 
-i-4‘88 inches j- in 1894 the downward movement was maintained, the change between the 
two seasons amounting to —o'ozg", and the abnormal rainfall over India was +6'07 .inches. 
Between 1894 and 1895 the pressure movement was upward and the rainfall. variation during 
the inonsoon of .1895 was >^2"63 .inches. .This upward movement was maintained between 
189s and 1896, and the rainfall variation of the 1896, monsoon ;was— g’gg inches, After 
1896 the pressure movement changed and pressure decreased until, 1898' the rainfall 
variations for the monsoon seasons of 1897 and 1898 having’, been . 4-3‘40 .inches and 
+0*69 inches respectively; Between 1898 and 1899 the pressure movement, was upward 
and rapid, and the variation of the monsoon rainfall of 1S99 was — 6‘49 inches. , - , 

The preceding data and discussion show that, if a connexion exists between the 
pressure conditions of the South-East Trades region and the .rainfall of the monsoon 
months in India, that connexion is to be found, not between the actual pressures and 
the rainfall variations, but between the oscillatory changes' of pressure and the' rain- 
fall variations. Thus if a south-west monsoon , period be; included in the upward 
portion of a pressure oscillation that particular period will, be one of deficient rain and 
vice versd: moreover it would appear that the velocity of the pressure change during 
the pressure oscillation exercises an important varying influence on'the rainfall.’ It w'ill be 
noticed that, in the first oscillation (1893 to. 1896), the passage of the pressure frpm the 
maximum to the minimum was carried out during the first year of the oscillation and • 
that the change amounted to — '029". This comparatively sudden fall- was accompanied 
with heavier rain in India than was measured, in any other season - of the series under 
review. Similarly the recovery in the second oscillation was carried out in one year, 
the change in this year amounting to -J-o‘b45". This sudden rise was accompanied with 
a lighter rainfall than has been recorded in any other season. On the other hand,' the 
recovery in the oscillation of the years 1893 to 1896 took two years (1895 ahd 1896) 
to carry out, and the rainfall variations of those tw’o monsoon seasons was -rra’dg inches 
and — 5'33 inches respectively. The falling portion of the oscillation of the years 1896 
to 1899 occupied two years, and the rainfall variations of those two years (1897 and. 1898) 
were -l-2'4o inches and -ho'69 inch, respectively; With regard'to , the latter year it, is 
important to note that though the change between that year, and the, year immediately, 
preceding it was as much as — o’oai", practically the whole of this change, occurred 
between January and May, and pressure during the monsoon months was exceptionally , 
steady (see plate LXXVII). . Hence the preceding figures suggest that pressure oscilla- 
tions of about three years’- duration occurred .during this period over the South-East 
Trades region, and that these oscillations exercised, ah influence , on the Indian rainfall, an ' 
influence which ■n’as proportional to the. rapidity of the changes in the pressure oscillation. 
Employing the two cases when the changes between the'maximum and the , . minimum of 
the oscillations were accomplished in one year, the variations- of. the, monspon Tainfall ov^j 
India were as follows: — ., ■ ■. ' . ' \ 

; ' +6'07" . ;• and 6 ’ 49 "- ; 

While the pressure changes agreeing with, these variations were respectively as 

follows:— ... ' 

, 1893101894. . • 'iSgStqiSgp. 

— ’osg" and ' +'045" . 
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4 A 

4oo 

From tlie above it would appear that there exists no direct agreement between the 
amount of the barometric change from one season to the next and the actual amount of 
the rainfall variation over India, but the divergenc)* is probably largely due to the varying 
conditions under which the rainfall takes place. Thus when conditions arc operative 
tending to increased rainfall the influence is first felt in those regions where normally the 
rainfall is largest, as for example along the West Coast of the Peninsula, Lower 
Rengal, etc., so that a large variation is immediately produced, while, on the contr.iry, when 
from any c.ausc the monsoon currents Lake off and the monsoon rainfall diminishes, this 
diminution first manifests itself over the dry districts of the Peninsula or the dry north- 
west districts of India Avhere there may be a large relative diminution of rainfall without 
the total fall of the whole country being much afiected thereby. Accepting the preced- 
ing relations, however, as approximately correct and Liking into account the v.irious 
conditions under which rain falls in India, the following table would he obtained showing 
the probable rainfall variation over India when the barometric change between one season 
and tl'.e next over the South-east Trades region was as follows : — 


naromctrlc 

1 R.wnfatl 

cliange. 

j mriation. 

+*c-: 5 *' 

1 ~(e^o irclirs. 

-T- "OJ.O 

' —575 

•E'oi 5 

1 - 5'‘’0 

0 

1 ” 

—•015 


—■OjO 1 

1 -J-fcoo 

—'Oi> 

-(• 9'C'O 


presurfS ju Ihc Sculh~Eatl Trader reijioit derived from the records ef 
fh'. Pfauritius, /Paaciinr ar.d Seyei'.eUcs ciservaiories. — The following t.iblc gives the 
mean barometric pressures (or each month of the seven monsoon seasons 1893-99, 
together with the abnormal change from one month to the next and the month’s 
rainfall v.ifiation over India: — . 


TAni.t; IV. 



! 

; iL,, 


Ji’r. 



■ Oct,!.*-. 



^ff5n f-rtiiatr . .i 


jyoiy 

; # 

joi«i 

3o*oi? 

. 



V.-sitju-.n ffc-n r^.-rrs! , ; 

: 

AIjf>“rir-a! . .' 

-1M17 

+-(W 7 

+’oc> 


— ‘‘CKfl 

-f •tVJI 



— *aia 

— ’«iO 

+•05: 

—•o 5 t 

+ *CS'i 2 



R.ilr.fjtl . . ! 


•fs'Si 

+007 

— (V^S 

■f i':? 

•fo' 4 : 


f 

,%!r5n rrcuere . .| 




3 ''0:0 

3 a*CfS 

3 VOS' 



from rr.frr.nl .j 

Alnr-ffnz;! 

5 

1>0^ 

-fvis 

—• 0:5 

-•0:7 

—■01$ 

—•on 




C 

1 

— *MI 

•fooo 

— 'ot/j 



Rr,:i:fit| vafi-1'.Ejn . . | 



+ 1-07 

-4'0‘66 


-{-rSi 
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Table IV—mwcW, 


Years, 


May.. . , 

June. 

July. 

August.' 

September. . 

October. 


Mean pressure . ■ . 

29-965 

30-016 

30-033 

> ■- 

30*012 * 

30-033 ‘ 

29-960 

1895 

Variation from normal . 

+•007 

+•004 

+•007 

—•03s 

+- 0 I 0 

■-•015 

Abnormal change . 


—•003 

-f-003 

—*042 

+■048 

' — 'oaS'., 


Rainfall variation . 


+‘009 

—0-67 

—o'og 

— 1*27 , 

. ■•—0-25. . 

/ 

Mean pressure . . 

29-970 

30-004 

30-073 

30*070 , - 

30-925 . 

. 29-991' 

1896 < 

Variation from normal . 

+"012 

1 

0 

+•032 

+'023 . 

, •:+-oo2 

.+•016 

Abnormal change . 


—•020 

+ *040 

—'009 

'—‘021 ' 

+•014 

' 

Rainfall variation . . 


+•028 

"- 0-39 

+0-46 ; 

—2-98 

- 2-41 

4 

Mean pressure . 

29-982 

30-006 ■■ 

30-023 

30-032 

, 30*023 . 

29-996 

1S97 

Variation from normal . 

+-004 

— -006 

-•023 

— -OIS 

o ' 

.+'021 


Abnormal change . . 


—•010 

—•017 

+-00S , 

. +*015. 

' ' +-021 


Rainfall variation . 


—•073 

— 0-44 

+2-46 

+ i-ld 

+ 0-31 

/ 

Mean pressure . , 

29-924 

29-997. 

30-014 

30*027 

•' 29-988' 

'■ 29*965 

1898 1 

Variation from normal . 

—034 

— -OIS 

—•032 

—*020 

—•033 

—‘010 

Abnormal change . 


+•019' 

—017 

+ - 0 I 2 

—•015 

. +*025 

( 

Rainfall variation . 


—•019 

+ 0-45 

' +0-17 ■ 

+ 1-32 

• —0-38 


Mean pressure . . 

29.936 

30*029. 

30*085 

30-069 

30-063 

29-986 ' 

S899 j 

Variation from normal . 

—•002 

-f -017 

+ •039. 

+ -022 


■f-OlI - 

Abnormal change . . 

. 

+-019 

+• 032 . 

— *017 ■ 


’ *"'039 


Rainfall variation • 


-l-i ’49 

—2*12 . 

- 2-79 ■ 


+0-67 


In the preceding paragraphs and tables the actual mean pressures of each monsoon 
season have been employed for the discussion as they were derived from the means of the 
whole six months of each year, and were comparable one with the other, but when it is 
attempted to trace the relation, suggested above, between the monthly abnormal pressure 
changes in the South-East Trades region and’ the rainfall variations over India through; 
the different months of each monsoon season, the variation from the normal must, be, 
employed instead of the actual values as there is a ./seasonar change of pressure in 
progress which would mask the smaller abnormal oscillations. Beginning with, May and- 
Jun^i893 the figures giving the variations of pressure from the normal show that between 
thos^months there occurred an abnormal barometric fall amounting to o’oio" which was 
accompanied with an abnormal rainfall of'. -f-a'S! inches over. India ; an abnormalfall 6 [i 
pressure of o’oofi" between June and' July and an ' abnormal fall of rain of -f-o‘oj inch over 
India; and an abnormal rise of o'ogs" of pressure between July and August accom- 
^niedwith an abnormal fall ofirain.over.India. of —o'pS inch.'. .Continuing this com pari-' 
son throughout the whole of the months of the.seven monsoon seasons and arranging the 
figures, in two groups and. in two, columns, in. each,, one. representing, the abnormal. 
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monthly' barometric change and the other the rainfall variations, the following data are 
obtained > 


Abnormal downward movements Abnormal upward movements 

of pressure. ’ of pressure. 


Monthly pressure 

RainfaM^*- 

Monthly pressure 

Rainfall 

changfe South-East 

variation over 

change South-East 

variation over 

Trades. 

India. 

Trades. 

India. 

Inch. 

Inches. 

Inch. 

Inches. 

— •010 

+ 2-51 

-f 052 

— 098 

— •006 . 

+ 0-07 

+ '002 

4-0-42 

-■054 

4 -r 27 

-I-‘oo8 

4-1-14 

—•030 

4- 1 ‘07 

■f' 009 

4-0-94 

— *001 

-i-0'66 

+ ■003 

— 0-67 

—■•006 

-b2-8i 

■fo 45 

— 1*27 

-■003 

+0-09 

4- '040 

- 0-39 

-•042 

— 0*09 

4 - ’014 

-2-41 

-•025 

-0-25 

■ 4 -'ooS 

4-2-46 

— •020 

-}-0'2S 

4- -015 

4-i-i6 

— •009 

■ -i-0‘46 

4 - ‘02 1 

4-0-31 

— *021 

— 2'gS 

4-019 

— 0-19 

— 'OlO 

-o '73 

-{-•012 

4 - 0-17 

-■017 

-0-44 

4- -025 

-0-38 

—•017 

+ o '45 

-f "Org 

4 - 1-49 

-•015 

-f 1-32 

•f 022 

— 2-12 

— •017 

-2-79 

-f-'oiS 

-2-32 

—•029 

— 067 




The above. shows that out of 18 occasions on which the barometer in the South-East 
Trades region exhibited an abnormal fall between one month and the next there w'ere 
II occasions on which the corresponding rainfall over India was heavier than 
usual and 7 on* which it was lighter, while out of the 17 occasions on which the 
barometer exhibited an abnormal rise there were 9 on which less rain than usual 
followed. The above shows that an abnormal fall of the barometer over the South-East 
Trades region between one month and the next -will probably (as 3 : 2) be accompanied 
with an abnormally heavy fall of rain over India, while it is about an even chance that an 
abnormal rise will be followed by more or less rain. This is largely due to the peculiar 
circumstances under which rain falls over India to which attention has been drawn above. 
The conclusion to be derived from the above is, that while the larger pressure changes 
' which form portions of general pressure oscillations exercise an important influence on the 
Indian weather, the minor pressure changes occurring from month to month in the South- 
East Trades region are only faintly reproduced in the 'rainfall variations over India. The 
following summarises the important pressure changes and the accompanying rainfall varia- 
tions : — 


Table V. 


Pressure change over South-East 

Trades region. 

Rainfall variation 
over India. 

Betn-cen 

1893 “"'J 1894 . , 

- 

*029 

Inches, 
+6*07 ■ 

in the monsoon of 1894 


1894 and 1895 . - . 

4- -013 

—2-63 

» t) 

1895. 


1893 and 1896 . 

-f-'oi6 

“ 5’33 

»» l» 

1896. 


1S96 and 1897 . 

— -oiC 

+2-40 

H It 

1897. 


1897 and 189S „ 

— *021 

+t)'69 

ft ft 

1895 


1893 and 1899 . 

+•045 

— C -49 

tt it 

1S99 
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It has been attempted to show above that the primary and most irhportant influence 
in connexion with the monsoon rainfall variations over India during, the period under 
discussion was the pressure oscillation, and it is necessary to investigate the area over 
which these oscillations are produced. With this object the observations made on board 
ships traversing the Equatorial Belt Lat. 12® S. to Lat. 4° N., have been collected under ' 
the months and seasons in which they were recorded and the results are given below. . 

Monthly pressttres in (he Equatorial Belt derived from tlie records of ships’ observa-' 
lions. — The following table gives the mean monthly barometric pressure of the Equatorial 
Belt for the seven monsoon seasons from 1893 to 1899: — 


Tabce VI. 


•MEAN S ,\.M. PRESSURE OF THE EQUATORIAL REGION BETWEEN LATS. 4 

" N. AND 1 a” S. AND LONGS. 

<o' AND So” E. 


Mean S a.m. phcssure of 

‘ 


May. 

June, 

July. 

August. , 

September, 

October. ' 

Season. 



W 

// 

. " 

n ‘ 

// 

tf 

JS93 ... 

29’956 

29*922 

29-947 

29*986 

29-966 

' 29'943'. 

' ‘29-933 

iSgj . , 

■907 

•932 

•952 

'932 

•562 

•959 

•944 . 

1895 . 

•927 

‘913 

•963 

■919 

'961 

•gtg 

• • '933 

1896 

•93+ 

•928 

•983 

•942 ' 

-938 

•937 • 

•944 

1897 . 

•S94 

•gos 

*919 

•930 

,’921 

- '956 

*921 ■ 

1898 

•891 

‘910 

•910 

•932, 

•913 

•927 

•914 

1899 

•Sgt 

•92S 

•909 

'946 

30*003 

•937 

-946 

Mean . 

29-914 

29*920 

29*949 

29-944 

, 29-952. 

29-939 

29-936 


the following table of mean seasonal pressures has been constructed. * The table gives the 
mean pressure over the sea area bounded on the west by the African coast; bn the east 
by Long. 8o°E. ; on the south by Lat. I2°S. ; and on the north by ,' Lat. 4°N. for the 
seasons (Ma}' to October) for each year from 1893-1 S99: — 


Table VII. 

¥ ___ 


Year. 

1S93. 

IS 94 . 

■j 

»S9C. 

• 

. <85?.' 

• iSoS. 

. 




U • 

* 


• ' v 



Mean barometric pressure . * 


29-944 . 

29-933 

29-944 ■ 

29*921 

'■29-914 

29-946 

Variation from normal , , . 

+•017 

+-O0S 

—•003 

+-ooS ' 

-'ois 

*—*022 

+ '010 

Abnormal change from season to 
season. 

... 

—'009 

■ — 'OJt 

+ 'OII 

“‘023 ' 

— ^*007 

+-032 . 

Rainfall variation over India . 

.+4'S8 

+6-07 

• —2-63 

—5-33 

+2-46 

+ 0*69 

—6-49 
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Comparing the above data with the pressure conditions as determined from the 
observations recorded at tire stations of Mauritius, Zanzibar and the Seychelles (Table III) 
it will be noticed that there exist certain small differences between the two records. 
Thus the highest mean pressure of the period was reported in the year 1S93 in the ships’ 
series of observations instead of in 1S99 as in the land observatory scries. The year 
with the lowest mean pressure was 1S9S in both series. Figure II, Plate LXXVI, gives the 
pressure cur\-e of the Kquatorial Belt derived from the ships’ barometric observations for 
comparison with the pressure curve derived from the observations of the three land 
observatories. 

Comparing the above cuiA-e with the curve given by the observatories in the South- 
East Trades region it will be noticed that the amplitude of the first oscillation is much 
smaller in this series than in that of the fixed observatories, and secondly that the mini- 
mum of the first oscillation occurred in 1S95 in the curve derived from the ships’ observa- 
tions and in 1S94 in the curve derived from the fixed observatories’ records. The 
second oscillation is alike in its mean features in the two series, but the amplitude of the 
second oscillation is again greater in the case of the first than in the case of the second 
series of observations. As the observations refer, to a great extent at least, to the same 
area these differences are somewhat rcm.arkable, and the explanation probably lies in the 
inclusion of the observations of the Mauritius Observatory in the first scries. This 
observatory lies in Lnt. co'S. and is consequently S'’ of latitude to the southward of the 
southerly limits of the area dealt with in the second scries. The Figs. 3, 4 and 5, Plate 
LXXVI, give the curves and reprc.'cnt the course of pressure for the three hand observa- 
tories at Mauritius, Zanzibar and the Seychelles .separately for the seven monsoon seasons. 

The amplitudes of the oscillation in the case of the 1S93-96 oscillation were 
’o^S" in the case of Mauritiu.s, ‘023* in the case of Zanzibar and '0:9' in the case of the 
Seychelles, while In the case of the second oscillation the amplitudes were : — ■044' in the 
case of Mauritius, *044'’ in the case of Zanzibar and •041" in the case of the Seychelles; 
hence it is justifiable to conclude that the actions which produced the first oscillation 
were much more strongly operative in Lat. 20'S, than within the Equatorial Belt, while, 
on the contrary, the causes producing the second oscillation were practically as strongly 
marked in Lat. 5°S. as in Lat. co'S. 

The general conclusions as determined from the first scries of observations have not, 
however, been modified by the second series. In 1S94 and 1S96 the actual mean pres- 
sures of the monsoon seasons derived from the ships’ observations were identical, and in 
1899 practically identical, while the rainfall variations over India during those monsoon 
seasons were: — in 1S94 -h6‘07 inches, in 1896 — 5’33 inches and in 1899 — ^'49 'n'^hes. 
Hence the actual mean height of tlie barometer in Equatorial regions was unimportant in 
respect to the rainfall variations. On the other hand, pressure fell during 1893 and 1S94, 
and the rainfall over India was heavier than usual during those two monsoon seasons. In 
1895 the barometer tvas still falling, but the rainf.all was less than the .average during that 
year’s monsoon. Between the seasons of 1895 .and 1896 the barometer rose .and the rain- 
f.all variation was — 5’33 inches. Between 1896 and 1S9S pressure diminished in the 
Equatorial Belt and the Indian monsoon rainfall variations were -j-cLjO inches .and -l-0'69 
inch respectively, while between the seasons of 1898 and 1S99 pressure increased in the 
Equatori.al Belt as much as o'o32' and the rainfall variation over India was the largest 
cn record, mz:,, — •6‘49 inches. These results arc in general agreement with those obtained 
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from the observations of the three lahd observatories of the South-East Trades region, and '; 
it is hardly necessary to work through the records month by month as was done with the' 
means of tlie first series. The net result is to confirm the. conclusions derived from the : 
investigation of the pressure observations of the three land observatories and to support the ', 
suggestion that the actual height of the barometer in Equatorial regions is unimportant for ■ 
forecasting purposes, while the position of the season in the rising or falling portion of the 
pressure oscillation in progress at the time is the important'factor in determining the rainfall 
of the monsoon season, because a south-west monsoon-period, which is included in a rising 
portion of a pressure oscillation, will receive less rain than usual and nibewerstf, the amount 
of the variation of the rainfall being in general accord with the. velocity of the changes in^ 
the pressure oscillation. 

This relation between the pressure oscillations and the Indian monsoon rainfall has 
now been traced from Lat. 20° S. as far north as Lat. 4“ N., and the investigation can how , 
be carried into the Arabian Sea. . . • . . , 

Arabian Sea. 

The following table gives the mean monthly barometric pressures of -the Arabian Sea- 
for each month of the seven monsoon seasons and for the whole of each monsoon season 
from 1893 ’%9 derived from the observations taken on board vessels traversing -that 

area: — ■ . ' . 

Table VH3. , 


Years. 

Mean S a.>!. rnessuRE of the whole Arabian Sb 

A FROU a'H. to I4'N, For 1S93.1S99. ' 

May. ’ 

June. 

July. 

August, 


October. 

Season. 

1893 . 

a 

19797 

2 g'G 73 

// 

29700 

2^763 

29'8o3 

w 

29*910 

M ■ 

; 29'774 

1894 . 

•787 

■670 

•672 

•711 

•So2 

‘S67 

" •731' 

1893 . 

•S33 

■682 

724 

710 

•838 

•S49 

’ ■' , 773’ . 

I896 . 

•833 

•672 

723 

755 

■ -Sri 

•920 

787 

1897 . 

•8m 

•724 

•677 

•716 

793 

•915 

773 - 

1898 . • . 

•788 

•683 

•663 


, -788 

•86s' ' 

■759 

1S99 . 

•796 

, . 7 . 2 ' 

' 757 

779 

,,•884 

*912^ 

•808 

Mean 

2g'8o6 

29 ’ 69 o 

39703 

■. 29-741' • 

29-819 

Rg-Sgi, 

'■ 775 ■ 


' Collecting the above data into seasons (May'to October) as was 
preceding series of observations the following table has beeh obtained 


done with the two 


Mean barometric pressure 

Variation .from normal • • 

Abnormal change, from, seaso.h to 
season. ' ’ , . 

Variation, of Indian rainfall , 


Table IX. 

1S93.' 

. 1E94. 

,iSgS. 

1S95. . ,, 

1S97; ■ 

29774 

! ■ - # 

29 * 75 * 

• it' • ‘ ' 

29773 

29-787 ■ 

2 ' 9'773 , 

—*001, 

“—*024 

**•'003 

> -t-*012 


' V' ■ 

—•023 , 

+ •022 

+.- 0 I 4 

.—•014 

• . - X . 

*f- 4 *S 3 

+6'07 

— 2-63“ 

— S ’33 ■ 




~;oT4^ 
' 4 * 0*69 . 
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A comparison of the above table with the tables of mean seasonal pressures for the 
South-East Trades region and for the Equatorial Belt given on pages 431 and 436 shows 
that the general course of the pressure curve is the same over the Arabian Sea as over the 
other two regions. The two pressure oscillations are distinctly marked, the first running 
from 1S93 to 1896 with its minimum in 1S94, the second running from 1896 to 1899 
with its minimum in 189S. This is shown in Fig. 6, Plate LXXVl. 

It will be noticed that the course of the above pressure cun’e agrees more distinctly 
with the curve derived from the records of the three land observatories in the South-East 
Trades region than with the pressure cun’e derived from the ships’ observations in the 
Equatorial Belt. The following gives the amplitudes of the two oscillations in the three 
cases: — 

Tadle X. 


South-East Tbade-s Region. 

Equatorial DIlt. 

Arabian Sea. 

First csdnilion. 

S«com 3 osciratton. 

Hfst o'-cHbli^n. 

second frscilUtion. 

! 

! First oscillation. 

i 

! 

1 

Second oscilUtioR. 


■045' 

• 034 ' 

•030' 

•036' 

•049” 


The above shows a close agreement between the amplitudes of the first and second 
oscillations in the first and third columns. In both cases the amplitude of the second 
oscillation was greater than that of the first and in both cases the amplitude was greater 
in the northern than in the southern region. Hence it would appear that the actions 
occasioning these two oscillations were more strongly marked over the Arabian Sea than 
over the Equatorial Belt, but, if the obsen-ations at Mauritius, Zanzibar and the Seychelles 
and of the ships of the Equatorial Belt be all accepted as correct, it would appear that 
the actions gmng rise to both these oscillations were .as strongly marked over the south 
of the South-East Trades region as over the Arabian Sea, while they were feebly marked 
over the purely Equatorial Zone. The following gives in tabular form the amplitudes of 
the two oscillations as shown in these different regions : — 


Table XI. 



South-East Trades Region. 

Kquatorial Belt. 



Mauritius 

Lat. 30 ^ S. 

Zantibar 

UL u*S. 

Sevthellcs 

Latsis. 

Arabian Sea. 


* 

0 

0 

0 

0 

First osdllalion . . 

•03S 

'033 

•029' 

*034 

•036 

Second oscill-ntion . 

•044 

'045 

•041 

•030 

•049 


The above data appear to show that the actions determining these oscillations are 
less felt over Equatorial regions than in the higher latitudes about the Tropics, so that 
just as the abnormal pressure changes become larger on receding from the Equator so the 
pressure oscillations are also more strongly marked and generally greater in higher lati- 
tudes than near the Equator, 
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. ' Referring again to the table on page 438 it will be observed that the relation between . 
the abnormal changes of pressure from’ one rhonsoon, season: to t^ next and the Indian, 
rainfall is similar to' that pointed out when discussing the pressure curves of the South -'East ;• 
Trades region and of the Equatorial .Belt. Thus betumen 1893 and 1894 there: occurred', 
a marked fall of the barometer which was accompanied with heavier rain than' usual 
over India; between 1 894 and i8g6 pressure 'exhibited an abnormal ris'e and the, Indian , 
rainfall was less than usual; between 1896 and 1898 the barometer . fell'agaihdnd rain 
in India exceeded the average ; while' between 1898 and'/idgg pressure , underwent a ^ 
rapid recovery and the rainfall over India was phenomenally light. ' , ' ] . , , 

India, , ■ ' , ‘ ■ 

The pressure variations over India show that the pressure over .that country passes 
through the same oscillations as does the pressure over the adjacent sea areas, ■ ,This is 
shown below : — ... ■ ^ 


, Table Xll. . 


Years. 

Variation or the mean S a.m. prc-ssori! of India froji the normal for each month- 

OP Tlin tiONBODN SEASONS. ‘ ’ 

May. 

June. 

July,' 

■I 

September, 

October. , 

. ^Season. • 




tf 

n 

If 


h : 

MM 


1S93 



‘—*0X1 



+:oii 

—*022 



1S94 


• 

—033 . 

— «032 

+‘006. 

—’022 

— ’oiS 

—•OSS' 

‘ : — otS 

1895 


0 

— ‘007 

4--019 

+ ■022 

■—013 

■- .+’oi7 ■' 

+ •003 

+‘007,' 

1S96 


• 

+•013 

—•oiG 

— *010 

+'005 

■ +’oji 

'• +‘q 4 o-; 

• , +‘009 

1S97 


« 

— 003 

—'Oil . 

0 

—015 

—*024 

.. —016 

“’Oil. 

189S 



*009 

-035 

— 'orS 

- 

— XJ20 ' 


"*—‘006 ' 

“^•012 

1899 



— *oj 9 

+•009 

+*006 

’ 0 ' • 

+■038’, 

.'■{■•034 ■' 

.+•012. 


The preceding table gives the pressure variation of the’ whole of India- for each ' 
month of the seven monsoon seasons and the variation of each season. Collecting the 

above data under the seasons as was done with the preceding series of observations' the 

following table has been obtained: — . .... ' 


: Table XIll. 


YE.IRS. - ' ' . 

1803. 

' ■ . ' ' 

»E 9 r. 

■"’'Sjs. ■ ; 

-■■iSsfj. '- 

. '897. ' 


■ >893., ; 

.Pressure variation . , . ' , ' . 

Abnormal change from season to 
• season. 

o' 

0 

.r 

■ ' ^*oiS !■ 

‘ ' ’ 

, .. ■■ 

. '+‘007' , 

.+‘023 

■ +*009 

4 - ,'O 03 

■i;,/ 
— ‘020 

: —'012 

.—*001- 

^ a ' r . 

, +'012 

■ +‘024 

Variation of Indian rainfall . • 

-f-4*SS 



'd- 5’33 

■: + 2 ' 4 o ’ 

> •fo'dp , 

' ~ 6-49 ■ 
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From the preceding t.nble the cur\*e given in Fig. 7, PKitc LXXVI, has been drawn. 

The preceding dat.a and curve show that the two pressure oscillations arc distinctly 
marked, the first running from 1S93 to 1S96 witli its minimum in 1894 and the second 
running from 1S96 to 1899 with its minimum in 1S98. The rcl.it ion of these pressure 
oscillations to the Indian rainf.ill has already been pointed out by Mr. Eliot in a memoir 
published in V’ol. VT of the Indian Meteorological Memoirs and the fact is only referred 
to here to show that these oscillations were gencr.i! throughout the whole Trades- Monsoon 
area during the period under discussion. 

The tr.arch cf Presiure ci the clfvrJiou of the Hill stations . — The following table 
gives the mean monthly barometric pressure at Newera Eliya (elevation 6,240 feet) : — 


TAHLr XIV. 


Ywit, 



J<=ir. 

AcfU*. 


Oc!#Vr. 

Mf*n ef fftiod. 
Miy CO 
Octol^f. 



* 

$ 

» 

r 

» 

f 

r 

«Fjj 

• • • 


J4'cv'3 




S4-035 

34*0:4 

i?Ol 


•ojS 

■exs 


»jW! 

'ois 

■fss 

•OTS 

«t^s 


‘C.JJ 




'o;s 

•c;4 

•C69 

Uso 

, 

•1C.3 


•el; 


xr/j 

•llB 


It;; 


•eS; 

•efi; 

•■'SS 

ISO 

iAt 

•JW 

•oiS 

ifjS 

♦ * « 


•038 

•erS 

•05S 

•e;S 

•c<4 

•03< 


• • • 

u.. 




•«'3 

•lol 


■ 

M*i» 

B 

s<'o«3 

j4r.S'> 


J4-C03 

' 

34076 

J4‘059 


Following the plan adopted in discussing the pressure returns in the e.irlicr sections 
the (ollotring table ha.s been constructed showing the mean pressure at Newera Eliya for 
each monsoon seaso.n from 1893 to 1899: — 


TAtitr. XV. 


Stitt. 



H 

>V'. 




' ■ 

t 

# 

. 

• 

9 

9 

' 

Me*n Frei'-’-f. Ne«er»EJiya 

J4'OJ4 

S40I5 


S4*f>70 


44054 

44'095 

Dtpift’jrelrtm r-aonil . . . 

-l»S5 

-“‘014 

+’fl «0 

-t-'p.tt 


—•cos 

•{■• 65 ; 

Atr.'wnil cKar,^ fron 4^.-ston lo 

«<• 

—'Wf 

■fi’Si 

— * 0:1 

-'ej4 

—*0(3 

-F'e4J 


Comparing the preceding data with the .seasonal data for the Arabian Sea it will be 
observed that the march of pressure .it the elevation of 7,000 feet is similar to that at the 
level of the sea. This is shown in th: curve given in Fig. S, Plate LXXVI. 
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It will be seen that the two pressure oscillations are, distinctly marked, the , first run- 
ning from 1893 to i8g6 with its minimum 10-1894, the second running from, 1896 to'1899, 
with its .minimum in 1898. The amplitude of the first oscillation was •075" andithat of 
the second *042", so that the amplitudes at the elevation of, 7,006 feet, Ivere at . least ,as, 
large, if not larger, than at sea-level. - , ; ./v U- ' 

The following gives the mean monthly barometric pressures at Darj6elin.g. (elevation 
7,409 feet) for the seven monsoon seasons : — t 


Table XVI. 


Years. 

May. 

June. 

July. 

. 

August* 

. 

September., 

October. 

' Season. 

1893 . 

22*954 

•r 

22*908 

IT 

22-873 

• 

• 

22-923 

.. 22’974 . 

’ p , 

23-050 

22-947' 

1894 . 

907 

•*75 

•8S3 

•885 ’ 

■ 

- 

''922 ' 

1895 , 

•9+4 

•917 

•861 

•897 

i -987 

•Old 

. ’937 

1896 . « 

■956 

•883 

•869 

'•914 

! ‘959 ■ 

. -o6r 

•540' 

1S97 . 

•95* 

'•S78 

•888 ■ 

: '922 

'23-002 

•046 

.' ■ -949 • 

i8g8 . 

•942 

<868 ' 

•87s 

. •*74 ■ 

'22’-g6s 

■036 

■ ,’927 

1899 . . ■ . 

•925 

' -898 
, 

*896 

■930 

; 23-008 

'096, 

, ''- ■■•959' 


'22-941 

■22'890 
, ■ . 

22-878 

• 

■ 22 ^ go 6 

' , '■ 

'22-980 

23046 

•'-22.9401 


From the preceding data the following table has been constructed:— 


Table XVll. 


, Year. 


>*94. . 

.'•iSoS" , 

' 

'1895, . 

— 

. ; iS 07 . 

; tBjS. 

. 1899. 

Mean preassure, Dariteling •. . 

Departure from normal . 

Abnormal change from .season to 
season. 

f 

. 22-947 

+•007 

. 22-922 

—•018 

—■02s 

• 

n 

22-937 

—'003 

• 4 -015 

V 

32 * 940 ; 

. 0 

-f* 003 '‘ 

22-949 

+-oog 

-^-oog 

• 

¥ 

. 22927 

“*013 

— *023 

. . 2»’959 

-{-•otg 

:-f -032 


are stnaller than at the Ceylon hill station^' This ds shown in the , curve -given in 
Fig.-g, PlatC'LXXVI. - ... -• " .. . • ; .• , j : , 

The tw'o pressure , Oscillations are distinctly shown, but the periods are not Qu''t ' 
the- same in this as in. the other, -curves, while the , amplitudes of , the oscillations- are 
smaller, that of the firsb being 'oas" and that of the second -osa".; ' , . „ , : . . 

Finally the observations at Wellington .(elevation 6,20,0 ft.) ,haye been dealt with in 
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the same manner. The following gives -the mean nionthly pressures of each monsoon 
spason from 1893 to 1899 and the mean pressures of each season as a whole : — 


Table -XV m. 


Years. 

May. 

fm 

July, 

August. 

September. 

October. 

m 


1 

» 

m 

V 

u 

V 

• 

1S93 . . . , . 

a4*22C) 

24-187 

_ 24-186 

24*220 

24-237 

24-243 

24-217 

1S94 . • • • . • 

•235 

•174 

•182 

-172 

-208 

-241 

•202 

1S93 ...... 

•253 

•187 

•190 

-j88 

-226 

‘250 

-216 

1S96 

•263 

•173 

•200 

■211 

-247 

•303 

•233 

1897 

•231 

*170 

-163 

•177 

*211 

•258 

*202 

1S9S 

* 2 xg 

•171 

-J48 

•203 

*204 

•237 

-197 

1899 

•218 

•17S 

•191 

*195 

•249 

-266 

-216 

Mean 

24 -J 36 

24-177 

24-180 

24 ‘iP 5 

24-226 

24257 

24*213 

From the preceding data the following table has been constructed : 

Table XIX. 



• Year. 

1S93. 

iSm. 

1895. 

IS06 

1897. 

1S9S. 

1B99. 






» 

* 

• 

Mean pressure Wellington . . 


Bj 


24-233 

24*202 

24-197 

24-216 

Departure from normal . . 




+-021 

—•010 

—015 

•I--004 

Abnormal change from season tc 
season. 

n 

■ 


+•017 

— 031 

—■005 

+•019 


From the above it will be seen that pressure fell between the monsoon seasons of 
1893 and 1894, rose between 1894 and 1895 and between 1895 and 1896, fell again 
between 1896 and 1897 and 1897 and 1898 and finally rose briskly between 1898 and 
1899. This shows that at least at the elevation of 6,000 ft, the general march of 
pressure was the same as at the sea level. This march is shotvn in the curve given in 
Fig. 10, Plate LXXVI. 

The above cun'e shows that the two pressure oscillations were well marked, the first 
running from 1893 to 1896 with its minimum in 1894 and the second running from 1896 
to 1899 with its minimum in 1898. The amplitude of the first oscillation was ■031" and 
that of the second •036"', showing that the amplitudes of the oscillations were somewhat 
less at* this elevation than at the level of the sea. 

The preceding sections have shown that certain long period pressure oscillations 
have occurred over the Trades-Monsoon area during the seven years under review. It 
has also been shown that during these sever, years the oscillations have been more or less 
identical both as regards time and amplitude in all parts of the Trades-Monsoon area. 
It is interesting in this connexion to note that this apparently has not always been the 
case, as Mr, Eliot, in the memoir already referred to, mentions that "a most remarkable 
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HISTORY OF THE SEVEN MONSOON SEASONS, 1893-99, ' 

fact is that the Mauritius curve for nearly the whole of,;this period (i.c., June i8pi to the 
end of 1894) was similar to and parallel with the ’ variation' curve for the' Indian area, ■ 
thus showing that the abnormal pressure conditions which prevailed in the Indian area 
extended in the same form and phase over the Indian Ocean.” ' This extract shows. that 
prior to June 1891 the Mauritius curve differed from the Indian curve. This dissimilarity 
disappeared in June 1891 and the likeness between the two curves was; maintained more, 
or less steadily throughout the whole of the seven years which are now under considera-' 
tion, or for nine years in all. 

Generalising from the preceding data it might be argued that it would be immaterial 
which curve was used for the purposes of connecting the main variations, of rainfall 
W'ith the main oscillations of pressure, but a close inspection of the curves on Plate , 
LXXVIf will show that the pressure over the oceanic tract of the South-East Trades 
area is, as might be expected, steadier and less liable to temporary fluctuations than 
the pressure over the Indian land area, so that the important pressure oscillations are; 
better defined in the former than in the latter area. But even so there are. numerous 
discrepancies which have to be reconciled and numerous anomalies to be discussed and 
considered before the oscillations can be made practically useful for the; purpose of 
quantitative prediction of rainfall. The object of the present investigation is, however, 
to discuss the materials available over the Indian Seas which would afford a foundation 
for more or less generalised conclusions as to the 'actions which determine yariation's in 
the rainfall over India and to assign to each action its relative .importance in the general 
scheme of prediction. So far as can be judged from the ^ observations, the. most' 
influential of these actions is the long period pressure oscillation, sis it is the only one 
which exhibits a definite relation between its variations and the variations of rainfall.- 
The observations appear also to show that the long period pressure oscillations are some- 
what better defined over the oceanic tract of the South-East Trades region than over, the ’ 
Indian land area. There are also some reasons for supposing— founded on the 
experience of the year 1899 — that the phases of the long period oscillations disclose 
themselves earlier in the South-East Trades region than in other parts of the Trades- 
Monsoon area,* The reasons for this are given in the following table : — , : , 


Table XX. 


India.' 

South-East Trades. 

Years, 

' Pressure change 
between May of year 
and the preceding. 

. 

Pressure change, 
between monsoon 
Season of year and ' 
the preceding. 

Pressure change 
between monsoon . 
season of year and 
the preceding. 

Pressure change . 
between May of year 
and the preceding. , 

, ■' Years. , 


« 

»■ 

■ ' /' - 



1S94 ‘ 

—•oil 

—'018 

1 ■ ■ , 

; . —*029 

- ’—'021 

- , >89+ 

1893 

+ 016 

+•025 ■ ■ 



1895 

1896 

+•020 

+•002 ' ‘ 

' ■ +'Oi0 

. , ' -H-'oes. ' ■' 

1896 

>897 

— '01 8 

— *020 ■ 

-^•016 

— -ooS 

, ' ' '^97 ■ ' , 

1S98 

' ■004. ' 

— *001 

■' • —021 

; —'038 ' 

>898 

1899 

—*‘010 

+•024 • ’ 


• -F '032 ' 

;• 1899 


* A brief examination uf tbc data appears to indicate that this, although of occasionai occurrence/is cot generally tht case.--J,E, 
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The preceding data show that in most cases the phase of the oscillation which was 
to be characteristic of the monsoon season had already disclosed itself in May in both 
areas, but that in 1S99 the high pressures which were to characterise the monsoon season of 
that year had appeared over the South-East Trades region in May, but bad not appeared 
over the Indian land area. Consequently the pressure indications of May 1899 in the 
South-East Trades region might have been of practical use for forecasting the monsoon 
of that season when the pressure indications of India for May would have been mislead- 
ing. This may have been purely fortuitous. The discussion on the failure of the rains in 
I Sep showed that the wave of high pressure, if this term may be employed, which formed 
the rising portions of the 1896 — 1S99 pressure oscillation, spread over the Trades-Mon- 
soon area from south to north, but this may not invariably be the case so that, whether 
the South-East Trades pressure curve has advantages, other than those of greater 
simplicity, over the India cun'C, only a very cxiiaustivc study of all the seven years’ data 
similar to that made in the case of 1899 would disclose. 

The preceding discussion has shown that the oscillations in pressure to which atten- 
tion has been drawn are general throughout the whole region from Lat. 20®S. (Mauri- 
tius) to Lat. 30“ N. (the north of the .Arabian Sea) as well as over the continent of India, 
and that the rainfall of India is aEected by these oscillations in such a manner that 
when the monsoon circulation is established during the rising portion of one of these 
oscillations the Indian rainfall is less than usual, while when the monsoon period coin- 
cides with the falling portion of one of these oscillations, the Indian rainfall is increased 
and finally that when the monsoon season coincides with a rapid abnormal change of 
pressure the rainfall over India is then exceedingly c.xcessivc or deficient. 

This conclusion leads to such important results that the investigation has been 
carried into the other half of the yc.ir, rur., into that which includes the rainy season of the 
South-East Trades region .and the dr)- season of India or from November to April. The 
curve given in Fig. i r, Plate LXXVI, derived from the records of ' Mauritius, Zanzibar and 
the Seychelles, shows the course of pressure in the South-East Trades region for each of 
the hot weather seasons (November to April) from 1S03-94 to 1S99-1900, the last period 
having been added in order to complete the last oscillation. 

Comparing the above curve with the curve for the cold weather seasons of the 
South-East Trades region given in Fig. i, it will be seen that the characteristics of the 
march of pressure arc thesameat both seasons. The two oscillations are well marked and 
of same period, but the amplitude of the first oscillation is '024,'’ and that of the second 
•031*, so that both the oscillations were of less amplitude in the hot than in the cold 
weather periods. 

As at this period the weather is dry over Indi.a, while, on the contrary, it is the rainy 
season in the South-East Trades region, it will be of advantage to carry the investigation 
into the domain of the rainfall over the South-East Trades region, and the following table 
has hence been constructed. This table shows for each month of the years 1893 — 1S99 
the actual mean rainfall and its variation from the normal of the South-East Trades region 
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derived from the rainfall; records of the three fixed observatories of ' Mauritius, Zanzibar / - 
and the Seychelles ■ . . , 

. ■ ■■ Table -XXI. 


B 

January, 

February. 

March. . . 

April. 

- 

rt 

. s 

(3 

tJ 

^ • 

*3 

August. 

September. . 

-•§ • 

November. • • 

' 4 » • , 

' • 

«' ' 

’■DA 




Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 



f 

4 - 3 ' 8 S 

—037 

— 0*19 

+ 4 'S 9 

+0-09 

+ 0-13 

~ o ‘ i 6 . 

— O'oC ’ 

- 0 -S 4 

+0-25 

-2-37. 

+2-56 

1893* 


•[ 

g't6 

428 

7'13 

12-39 

8-03 

. 1-55 

2-19 

2-60 

'. 1-18 

■ 2*42 

2-56 

' 6-47 



c 

+ 5'38 

— 2*0*6 

-373 

—179 

1*42 

—0-89 

+0-24 

— 0*j20’ 

-1-17 

— 0*02. 

+ 4 -S 7 

— 0 - 97 . 

1894 



lo'Sg* 

2 -S 9 * 

S '30 

4-87 

■S ‘49 

2/03, 

2-67 

2-.G2 

1-65 

3'oS 

io- 8 j 





- 3 ' 4 a 

— 3 ‘J 6 

-h 4 - 8 s 

—2-64 

—1*10 

+ 0-80 

— 0*92 

+ 0-111 

+0-41 

—0-46 

+o;42 

+2-9G 

189s 


•1 

5-38 

3'45 

i 3'88 

‘ 4*02 

S’Si 

372 

I’Si 

2'93 

. ■' 3 ' 23 . 

2-64, 

6-67 

■ 9'98 



f 

-F 3-13 

+ I0-6S 

— i-o6 

— 0-75 

+2-48 

—0-52 

1*04 

+ 0-63 

+ 0-49 

+002 

+ X -49 

—1-63 

rSg6 


• 
















n '93 

17-29 

r 97 

, 5 ‘ 9 » 

9‘39 

2*40 

1/39 

3’50 

3-31 

4*02 

10-44 

-S ‘37 



f 

— r46 

T0*02 

+0-02 

-1-2-oS 

-vji 

+ 3’53 

+ I'S 4 

—ro4 

-0-39 

+ 0-35 

_ 2-97 

+ 1‘34 

1897 


•1 

7'34 

6-63 

9 ‘os 

8-74 

\ 5*20 

. fr 4 S 

. 3‘97 

■ 1-78 

. 2*43 

3'45 

'3*28 

. 8-36 



(• 

+ 1'54 

+o-8i 

■fo-ig 

—3-78 

—0-78 

— i'j6' 

—077. 

4.0*29 

—0-04 

- 0-93 

—2*29 

-0-70 

189S 










. , 







1 

10-34 

7-42 

9*22 

2-88 

6-13 

1-76 

1-66 

, 3 'n 

2-78 

2 *J 7 

- 3-96 

0-32 



f 

— V 2 g 

— 4-07 

+o-gS 

+ 3'03 

+ 1-82 

-0-86 

+1-09 

+0-34. 

+ 1-76 

+o6t' 

■—1-46 

— 0*52 

1899 













• ^ . •• 

'L. 



t 

7 'St 

S-S 4 

lO'OI 

g-69 

■ 8-73 

2-o6 

- 3 ’S 2 

' 3 'i 6 

4’58 

371 

479 

6-40 


* Mauritius and Zanzibar only. 


The preceding data show that the rainy season in this region runs, roughl)’ from , 
November to April or May. Taking the six months from November to April as being- the,; 
opposite of the six months employed in the- investigation , into the, monsoon rainfall and 
comparing the mean pressure of the South-East -Trades region with the rainfall variations 
of that region, the following table has been constructed giving the njean pressure of the.. 
South-East Trades region derived from, the -records of Mauritius, Zanzibar and the Sey-' 
chellesfor the period November to' April (or the hot weather period) for each season from', 
1893-9410 1899-00, together, with the variation of pressure from the normal, the abnormal 
change of pressure between the . season of date and, the next preceding, and ;tbe-variation 
of the rainfall of the South-East Trades region from the normal for the same. period .-t- ■ , 


•• Table XXfI. 


■ 

■ 

iSgj. / 

- and 

1894 

and 189s. 

1895 

and 1896. - 

' 4838 . 
and 1S97. 

1897* ■ 
and iSgS. 

- , iSgS^, ■ 

- and 1899. 

1^99 • 
and 1900. 

; Mean.' 

Afean pressure* South* 
East Trades region, 
'(’ariation from norma! 

Abnormal change from 
season to season. ' 
Kninfall variation over 
South-East ' Trades 
recdoJ'' 

V 

29-S90 

+-oo's 

29-875 

— -010 - 

— -015 

n 

29-887 

, +-002 

,+'013 

29-899 ■ 

•+•014 

• ,+ -012 

. 29'873 

— *012 

— •026 . 

. 29^70 ' 
-^■015 ; 

—'003 

' a 

. 29*901 

■ 4-'or6 

4 ■031 

■ 29-885 ■ 

.—2*01 

—0-77 

+ >S’ 37 * 

+3-20 

— 3-S7 

,~f 84 , 

• .+toi 

. - 


* Three cyclone^ cccsrrei in the Soulh*Ea$t Trades region .between January and iSlarcb 
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■ The above data exhibit a connexion, as was the case in the monsoon rainfall over 
India, not between the actual pressures and the accompanying rainfall, but between the 
barometric change between one season and the previous one and the accompanying rain- 
fall variations. Thus the mean barometric pressure of the rainy season 1893-94 was lower, 
than that of 1892-93 and the.rainfall was in defect. In 1894-95 the movement continued 
downward and the rainfall was deficient. In 1S95-96 the pressure movement was upward 
and the accompanying rainfall variation was -1- 15*37 inches. This upward movement 
continued in 1896-97 and the rainfall variation was +3*20 inches. Between 1896-97 and 

1897- 98 the pressure movement changed and the pressure decreased until the season of 

1898- 99, the accompanjnng rainfall variations in these two years having been — 2*87*' inches 
and— 4*34 inches, respectively. Between 1898-99 and 1899-1900 the pressure movement 
was upward and the rainfall variation was -{-roi inches. The above data indicate that a 
connexion exists between the oscillatory changes of pressure and the rainfall conditions 
of the South-East Trades region, but that the relation is the opposite of that prevailing 
over India. Thus should the rainy season in the South-East Trades region occur 
during the downward movement of pressure in its oscillation, then the accompanying 
rainfall will be in defect of the normal, while should the rainy season occur during the 
upw'ard portion of any pressure oscillation, then the rainfall will be in excess of the 
normal. Another and curious difference between the conditions obtaining over India 
and over the South-East Trades region is that the maximum variations of rainfall 
occur in the South-East Trades region when the oscillatory changes of pressure are least, 
while over India, as shown before, the magnitude of the rainfall variations agrees directly 
with the velocity or extent of the:pressure changes. 

In order to trace the relation between the pressure changes and the rainfall varia- 
tions over the South-East Trades region through the different months of each rainy season, 
the following table has been constructed giving the mean pressure of each month derived 
from -the observations of Mauritius, Zanzibar and the Seychelles, the variations of pressure 
from the normal in each month, the abnormal change of pressure between one month and 
the next preceding month and the variation of rainfall from the average in each month 
of the different rainy seasons -. — 


Table— XXIII. 


Yia»i. 


, NoTctnber. 

December, 

January, 

February. 

March* 

April. 



It 

u 

tr 

u 

0 

M 


Mean pressure 

39-909 

29-926 

29'843 

29*035 

39-872 

29894 

1 * 93 - 

Variation from normal , 

. . -t --034 

•I -*034 

—’012 

—‘01 7 

-f-oo8 

—•003 

1894 

Abnormal change ' . 

-h -033 

0 

—•046 

— 003 

+ '023 

—013 


Rainfall variation . . 

—i-iT 

•hs’Sfi 

-h 5’38 

—2*06 

- 

- 3‘73 

— 1-79 

/ 

Meanyressure 

29-940 

29-867 

29-841 


29-854 

29-883 

1894- ) 

Variation from normal . 

-f-oos 

—•025 

—•014 

•f’on 

—'010 

—014 

189s 1 

Abnormal change 

■foap 

—^030 

‘ -h-oii 

+ •023 

—'021 

.1 

b 

0 

lJ 

Rainfall variation 

■h 4 *S 7 

- 0-97 

—3-42 

—3-16 

. , 

+ 4*85 

—2-64 
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Table — XXIII — concld. 


, Years. 


November* 

December. , 

January. 

February., 

- 


mijH 

nil 

Mean pressure • 

*9-948 

29'88i 

29*868 

' '*9“855 

, '2g'8So ■ 

‘2g'889 , 

1895- ) 

Variation from normal . 

+■013 

—•Oil 

+-013 

+■003 ' 

; +'016 

. . r“;oio 

i8g6 I 

Abnormal change 

+•028 

—*024 

+•024 

“*0I0 

+ -013 ; 

+••026 ■’ 


Rainfall variation 

+0-42 

— 2'96 

-h3-i3 

,+l'o68’ 

■ ■ — i'o6 ■ 

, ; ;-t -075 


Mean pressure 

29932 

29*921 

29*866 

. *9-854 

26'S76 

■ ■ 29'943 ■} 

1896- 1 

Variation from normal . 

—•003 

+•029 

+ '01 1 

+'002 

+,'012 

, +;°44,, 

1S97 1 

Abnormal change ■ 

—•019 

+-032 

~'oi8 

■ 

—•009 

+ '0!0 

, '^ +-033 . 

'> 

Rainlall variation « 

+4-19 

-1.65 

—I '46 

+0'02 

.+0'02 

+,2-oS , 

( 

Mean pressure 

29-915 

29-876 

29-896 

29-832 ^ 

■29*847 , 

' ■■,39-873; 

1897- ) 

Variation from normal . 

— '020 

—•016 

+ ■041 

— *020 ' 

—-oi?. 

- ' — '056 

i8g8 i 

Abnormal change 

—'041 

+*004 

+ -0S7 

— '061 

■ +-003 , 

—'009 ' 


Rainfall variation 

-2-97 

+ 1-34 

+ I-S4 

+-o3i 

+•019 ' 

■ . -~;378' 


Mean pressure , . 

29*897 

39-869 

29-860 

*9-831 

29'866 

*9-897' ' 

t898- 1 

Variation from normal . 

—•038 

—•023 

+-00S 

— -021 

, +'002' 

—‘002 , 

1899 j 

Abnormal change , 

— '*028 

•h-015 

+•028 

—*026 

+•023 

; ^04 


Rainfall variation . 

—3*29 

—070 

-1-29 

—4-07 

+■098 

; 43-03 


If the figures in the two last lines of each of the above rainy seasons be arranged iri 
two columns, one representing the abnormal barometric change from one mptith t'o ' the 
next and the other the accompanying rainfall variation, the following, table will be. 
obtained; — - 


Abnormal 

doYvTiward movements 
of pressure. 


Monthly 

Corresponding 

pressure 

rainlall 

change. 

variation. 

Inch. 

Inches. 

— -046 

+ 538 

—•005 

— 2-o6 

— 013 

—• 179 

—•030 

— .0-97 

—•021 

+ 4-85 

— '004 

— 2-64 

— 'O24 

■ + 3-96 

— 'OIO 

+ 10-68 

— -026 

— 07s 

•—•019 

+ 4-19 


— 1-46 

•—•009 

+ 0-02 

— 041 

— 2-97 

— '061 

+ 0-81 

—■009 

— 3-78 

— 028 

— - z'2g 

•—■026 . 

— 4-07 

— -004 

+ 3-03 


. Abnormal 
upward movemcnls 
■ of pressure. ■ ’ 


Monthly 

Corresponding 

pressure . • 

rainfall ' , 

change. 

variation. , 

Incm , 

. Inches. . 

+ ■033 

— 2-37 . ' 

+ •025- - 

—-3-71 ■ . ; 

+ •029 

44-57 ' - 

.+•011 ' 

—3-42 . 

+ -025 

.>_3 'i6 

+ •028 

, , + 0-42 ' 

+'•024 

V ,43-13 

+ 1013 

. i-o6 ' 

+ •032 ; 

, i '-65 ■•■■ 

■+-010 

■ .' . + 0 'O 2 

,■+'032 ■ 

: .+2 -o8 - .' 

+ 1004 , 

. '+I -34 

+ -057 

+ 1-54 

‘+•003 

+0;lg 

4-015 ' 

■■ . -"0-70 

,+;o28 

. “I-29 

4-023 

. ^'o-gS 
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The above shows that out of eighteen occasions on which the barometer exhibited 
an abnormal fall between one month and the next preceding month there were ten 
occasions on which the rainfall of the month in question was lighter than usual, while out 
, of seventeen occasions on which the barometer exhibited an abnormal rise there were nine 
. on which more rain than usual /ell. 

It is obvious from the above that the month to month pressure changes are of only 
slight value as indications of the subsequent rainfall, but this does not alter the fact that, 
taking the seasons as a whole, there exists a general agreement between the pressure 
■ change of the season of date and the next preceding season and the corresponding rainfall 
variation. This is shown below 


Table XXIV. 


Period. 

Pressure 

change. 

Rainfall 

vatiatior. 

Period. 


Inch. 

Inches. 


Between 1893-94 and 1894-95 . 

-•015 

— 0-77 

From November 1S94 to April 1893. 

„ : 894 - 93-'»’4 1893-96 . 

-f’012 

■f>S '37 

ft ft ^^95 j» 1896* 

11 1893-96 and 1896-97 • 

+ ‘0J2 

-t- 3’20 

» „ 1895 „ 1S97. 

„ : 896-97 .and 1897-9S . 

— -026 

- 2-87 

» „ 1S97 » *898. 

„ 1897-9S and 189S-99 . 

—•003 

— 4-34 

» >, 1S98 „ 1899. 

„ 1898-59 and 1899-00 . 

H**022 

-h roi 

.. 1899 » 1900- 


A consideration of all the preceding data leads to the conclusion that, during the 
period under review, the most important factor in the matter of rainfall over the 
Trades-Monsoon area was to be found in the pressure oscillations which were constantly 
in progress over that region. During the seven years under discussion two complete 
large oscillations of pressure have been recorded and the observations collected from 
the South-East Trades region as well as those from the Arabian Sea show that these 
oscillations prevailed throughout the whole region from Lat. 2o° S. to Lat. 2 o°N. 
Moreover, the discussion has shown that when the monsoon or rainy season of India is 
included in the rising portion of a pressure oscillation that season will be one of deficient 
rainfall, and vice versa. Similarly when the • rainy season of the South-East Trades 
region (which occurs between November and April) is included in the rising portion 
of a pressure oscillation that rainy season will be one of excessive rain, and vice iiersd. 
Hence the following conclusion is arrived at, vis., that when considering the circum- 
stances under which drought or flood occurred in the Trades-Monsoon area it was 
unnecessary to conceive a condition under tvhich the South-East Trades were deflected 
or retarded to explain the deficiency of rain in one portion of the area and its excess in 
another,- The circumstances under which rain fell over the' Trades-Monsoon area, 
including in that area the whole of the Western Equatorial Belt, the Arabian Sea and 
the surrounding land areas were determined in their main features solely and simply by 

G 
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-dividing the sum by, two :rrr ° preceding and succeeding months and ‘ 


Table XXV. 


Division.' 


r South-East Trades 


f South-East Trades 
'89+] ,, 

. . .(_ Inoia 

f South-East Trades- 
1895 1 

, (. ,J"dm V 

f South-East Trades , 

' ■' 

. Itidis ■ • 



f S6uth*East Trades 

‘/ft Ihdia-V’ 

1' ,f, South’East'Trades, 

>899) ' 

.V '-'.t ;India j. 


, -0.0 ^.0; .;oo;|-h.oo8 4 - 0.4 +-009 4-0,5 4 -oad -^-o.s 4-009' L'.o.S 
.. -.-on -003 4-oo;po5pos 4-009 4-0.5 4 -004 --on 4:;oa4 4-000 

. — -OOI — -009 —-002 — -002 — -002 -oofi ' 

... I ! 9 , 02$ — -022 015 —-009 —-020 

• . • o —-005 —•on — -020 — -fcaa — -oid 008 ’ 

■ j j °^3 —-012 4-012 4-009 

.. ,•.„ . -006 --M +■«. +,.« _,,3 

-.03 -oojj , |+.o,5 +.,.3L,„3 I ,333 ^ ■ 

■; foos -I;.., -.-..o +-™ +.00, +„o +- L,,, _ 

- ~‘°?5 ~'°'3 0,9 -,-oo 6 — -oo? — -nnO ' 

• V ■ 6 ■ ' I -^-W.-t-oM-f.-oia 

' • f Soutfi-Eart Trades ' ' i 4-014 4-007 4-017 -t--o 26 4 -on —-ooS , . ' ' ' 

; . i l.*.,, 0 .. -,.03 -04 -f-o, 3^-003 -oo, -o., ++„L..o, r 


I - f South-East Trades . 4-*oi2 —*003 —‘020 —‘0261— ’027 — ' 


’ 0^7 ’024 -02sU.b27 -025 -623 -.-027 ^.025 


-■Oic --038 ^-03: -0,5 -016 -020 -02.' -0,4 -006 ■ .„„„ ■ 

■ I- I -3 . "t °00 — -009 — -022 — 0 


koi' 7^<!5 -op,.4.-oo 3 4.-0,8.4-029 -4-03, 4-028 4-0.8 48i;,l4-026 

.y ■I Ilhdik = ..... ^ • --019 -;o 24 r°'S -°o8-oo8 4-O0,. +.006 4-0,, +.028 +.0^ 4‘02s|4.o,0 

THe aboye shpWs/grMtM unsteadipesSjOfithe b_ai:ometer, overJndia tham.o.ve'rthe So f, ' '' 
East tt.ades region, though, in; general.; th? tW| 0 - series. of valves agree very, closely.- Ti?^' * ’ 
are apparently -.minor, osciilations, of pressure -over. India, which are riot reproduced or ' 

■ '6nly, faintly indicat e§:by _the:pressHre,o^^s^a^tionsof^^ 

• is drobabiy to,-thsse subsidiary oscillaUpns that.the minor variations of. t.he.rainfaIJ.;„ , 
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regions ate' attributable. In the meantime these subsidiary oscillations may be left out of 
the discussion and the primary oscillations which, as was observed above, are better shown 
in the pressure curve of the South-East Trades region than in that of the Indian region may 
be alone considered. The information given in the preceding table is reproduced in the 
Plate LXXVI I, in which are given — (ist) the actual mean monthly pressure for each 
"month of the year for the seven years 1893 toiSgp for the South-East Trades region shown' 
by a thick' broken line, (end) the smoothed pressure of the South-East Trades region 
shown by a thick continuous line, (3rd) the smoothed pressure of the Indian region 
shown by a thin continuous line, and (4th) the actual mean pressure of India shown 
by a thin broken line. 

The above barometric curves and more particularly those of the South-East Trades 
region exhibit clearly the two pressure oscillations, noticed in the preceding paragraphs* 
■The .first oscillation runs from August 1893 to April 1897. The principal features of the 
curve of this oscillation are, (1st) the rapidity of the fall from the maximum to the minimum. 
This fall was accomplished between August 1893 and August 1894 and was accompanied 
with heavier rain than usual over India and lighter rain tlmn usual over the South-East 
Trades region. And (and) the slowness of the recovery. This recovery was spread over 
more than two years and lasted from September 1894 to April 1897. These tw'o years were 
years of deficient rainfall over India and of excessive rainfall over the South-East Trades 
region. The second pressure oscillation lasted from May 1S97 to September 1899 and 
was in one important respect the reverse of the first oscillation, for while the descent from 
the maximum, which occuned in April 1897, to the minimum, which occurred iri December 
1898, took twenty months to carry out, the recovery from the minimum to the maximum, 
which occurred in September 1899, took only nine months to carry out. Between the 
middle of April and the end of July the barometer fell quickly, and the monsoon rainfall of 
this year (i 897) was heavy, but a recovery of pressure occurred in the latter part of the 
year, and, as mentioned above, the minimum of the oscillation was not reached until 
December 1898. The principal characteristic of the pressure conditions during the 
monsoon season of 1898 was extreme steadiness of the barometer. Pressure was very 
low from April to December, but the changes month by month were unimportant and 
consequently according to the rule that the monsoon rainfall varies according to the 
velocity of the pressure changes the rainfall of the monsoon season 1898 was about 
normal. From the middle of December 1898 the upward portion of the oscillation 
commenced and the rise to the maximum was carried out between December and Septem- 
•ber, a period of only nine months, so that following the above rule the monsoon rainfall of 
this season, 1899, was phenomenally light. The curve giving the actual barometric 
pressures, not the smoothed pressures, for the period January 1898 to September 1899 
exhibits a very remarkable oscillation and the barometric fall, which, it will be noticed, 
occurred during the” rainy season of the South-East Trades, Was extraordinarily large 
bkween January and May 1898, and the rainfall of the Trades region was veiy light 
from March to July 1898. The pressure recovery between December 1898 and Septem- 
ber 1899 was nearly as rapid as the' previous fall and the rainfall in South Africa was 
heavy, and exceptionally prolonged and the rainfall in India exceptionally light. This 
relation of the rainfall in the south to that in the north of the Trades-Monsoon area 
for the whole period under discussion is shown in the following table which gives the 
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rainfall variations' of the Souih-East Tracies region and for India for every, 
•seven years under review: — : ‘ ;■ : ■ 

Table XXVI. ■ . ‘ 


.month of. the ,' 


Years. 

Division. 

1893^ 

South-East Trades 

India • 


South-East Trades 

India, , , . 

189s j 

South-East Trades 

India . . , 

1896 

South-East Trades > 

India . . 

1897^ 

South-East Trades . 

India . . 

189$! 

South-East Trades 

India , , 

1899 1 

South-East Trades . 

India , . ' . 



Collecting these rainfall figures together under the rising and falling;portions of the . two 
pressure oscillations the following table is obtained : — ,, , 


Table XXVII. . • ,,•• ' • . ..v- 


UlSlKG rORTlONR OV THE TWO FaLLIHC PORTIONS Wf THE TWO 

. PRESSORE OSCILUITIONS.. . OSCILLATIONS, 


December 1858 to 
September 1899. 


Variation of. ; Variati6n of ■ ’ Variation of 

rainfal). - rainlall» i ', ' • rainfall. 


South-East'Tradcs region ' 
India # • ^ • 

Rise or fali of pressure . . 


Inches./ '' 
+18-47. 
-.4-S7..'; 
+ :ojx 


Inches. , 
:+a'io 

+ -063 


Inches. • 

,,+ 4'26 ' 

— ’080 



, +V 43 -. 

. — ■•082- 


The preceding ' data show very clearly the relation of the rainfall ofi the’ Trades 
Monsoon area .to.the.pressure.oscillations, the rising portions ■ of ; the oscillations -havin ' 
been accompanied , with', increased rain in the South-East. Trades, region arid diminished 
fain in India and the falling portions having been accompanied' with . diminished rain in' 
the South-East TradeVgegion and increased rain in India, .dt was mentioned in*an eArlier 
paragraph that apparently rapid changes in the' pressure oscillations were accompanied ' 
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with large rainfall variations over India and small rainfall variations over the South-East 
Trades region, and vice vcrsd. The preceding table appears to confirm this view. The 
pressure rise in the first oscillation was as much' as o’oji" but it was spread over a 
period of 30 months. During this period the South-East Trades region had an average 
monthly excess of rain of o’6o inch and India an average monthly deficiency of only 
O’ 16 inch. The rise in the second oscillation only amounted to o’o63' but the change 
was carried out in nine months, and while the South-East Trades region had only an 
average monthly excess of rain of o’3i inch, India had an average monthly deficiency 
of o’ 56 inch. This relation is shown very completely and concisely in the .second 
pressure oscillation of the series. Pressure had reached its maximum in April 1897 and 
commenced to fall in May, reaching its minimum in December 1898. It then commenced 
to rise and rose steadily and quickly until September 1S99. The accompanying rainfall 
conditions over the Trades-Monsoon region are shown in the following table which gives 
the rainfall variations of the different portions of that area for the different phases of the 
oscillation : — 


Table X.XVlil. 


• Division. 

rORTlON OP 
T)»j: rRKSSDRE 
OSCILLATIOS. 

Rising portion op 
THE PRESSURE 
OSCILLATION. 

May i 5 o 7 to 
December »Sf>R. 

January fo 
September 1899. 

Vorialton of 
rainfall. 

, Variation of 

rainfall. 


Inches. 

I nehes. 

South-East Trades region ..... 

—6-97 

-hs-So 


■hi ’89 

^ 5-01 


It practically follows from the preceding data and discussions that the rainfall over 
the Trades-Monsoon area, apart from that due to cyclones and other accidental disturb- 
ances, is, in its main outlines, solely and simply a function of the pressure oscillations, 
the signs of the rainfall variations changing at the Equator. These rainfall conditions are 
brought about or p'roduced by the pressure oscillation, irrespective of any alterations in the 
direction of movement or in the velocity of movement of the winds and without regard to 
the actual height of the barometer, etc., over the region in question. Thus it follows that 
in different years the records show large variations of rainfall with, at the same time, 
hardly any variations in the surface meteorological conditions. Thus it also follows that 
the phenomenal deficiency of rain over India during 1899 and the large excess over 
South Africa were in no way compensatory nor did they stand in the relation of cause 
and effect but both were alike results of the rapid rise of pressure over the Tradesv 
Monsoon area due to the completion of a pressure oscillation of large amplitude within 
the space of a few months, a change which, ipso facto, determined excessive rain to the 
south Equatorial and deficient rain to the north Equatorial portions of the area. 
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PART III. ' , 

Other Meteorological Phenomena in relation to the Trades-Monsoon ’ 

RAINFALL. 

It is not, however, sufficient to show that the pressure oscillations appear in them- ' 
selves sufficient, to account for the main rainfall conditions of the Trades-Monsoon 
area, it is necessary also to show that the other meteorological conditions prevaiilirig over' 
the region exercise no appreciable effect on these variations. This is done in the following 
sections. The Plates LXXIV and LXXV show the mean distribution of pressure'and the 
average wind direction over the Equatorial Belt and over the Arabian Sea for each of 
the monsoon seasons 1893 — gg. They show hardly any variation in the general' condi-. 
tions from one season to the next and certainly none which woiild , account for the very ' 
large variations of rainfall which’ the preceding data have shown to have occurred over , 
the Trades-Monsoon area during the seven seasons tinder review. 

Barometric Gradients in Equatorial Regions Xist) Mauritius and Seychelles . — The 
first point, which promised to repay investigation, was that of the barometric , gradient 
or pressure difference over the South-East Trades region. The Royal Alfred Obser- 
vatory, Mauritius, lies in Lat, 2o'’6'S.,and Long. 57°33'E., and the Observatory at 
Port Victoria, Seychelles, in Lat. 4°37'S. and Long. 55‘’27'E., so that the latter is about , 
950 miles almost due north of the former and during the monsoon months the barometer, 
properly corrected, reads steadily higher at Mauritius than at the [Seychelles. For 1893 
there are no observations from the Seychelles, but from 1894 to 1899 the record is 
complete. The .following gives the mean pressures of the monsoon months (May t6 
October) for the two, stations, Mauritius and the Seychelles, from 1894 to iSgg:— 


1894 (May to October) .< 

Mauritius 

jiSeycheltes' 

. 3 o;o 87' 

. ag’Sge, 

-difference 

= 

0-195" 

1S95 (May to. October) 

i Mauritius 

.Seychelles 

. 3o'09S 

. 29-899. 

► difference 


0-199" 

1896 (May to October) 

'Mauritius 

.Seychelles . 

• 3o"i25' 

. 29-917. 

■difference 


0-208" 

1S97 (May to October) 

1" Mauritius ■ 

.Seychelles . . ■ 

. 3o’n>7' 

. 29-888, 

- difference 
' ■ 

= 

0-219", 

iS9S» (May to October) .• 

'Mauritius I . . 

.Seychelles 

. 30-090" 

. 29-881 J 

difference 

• = 

0-209" 

1699 (May to October) 

"Mauritius, . 

, Seychelles . • . 

• 3o''34' 
. 29-922.! 

difference- 

, 

== 

0-2 1 a" 


* October wanting. 
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To compare these pressure differences with the abnormal rainfall conditions> over 
India the follownng table has been constructed: — 


Table XXIX. 


Ykars. 

1S93. 

1894. 

1895. 

1896. 

<897. 

I89S. 

1^9. 

' Mean 
seasonal 
< pressure 
diflercnce. 


B 

u . 

It 

0 


■» 


// ' 

Mean pressure difference (May to October) 
between Mauritius and Seychelles. 

B 

•«95 

•199 

■208 

*219 

*209 

*212 

‘207' 

\ 

Variation of pressure diRerence from 
normal. 

B 

— *013 

— 'ooS 

4 *001 

'+ ‘012 

-i- '002 

+ *005 

... 

Rainfall rariations (May to October) over 
India. 

+ 4 -SS 

+6-07 

— 2*63 

- 5*33 

+ 2*40 

+ 0*69 

- 6-49 

... 


The above does not appear to hold out aiiy expectation of the barometric difference 
or gradient over the South-East Trades region assisting in forecasting the monsoon rainfall 
over India. In 1S94 and 1895 the pressure differences were 0*195" and 0*199", respectively, 
while there was a difference of over 8 inches in the mean rainfall of the two seasons, and 
while the average differences of the monsoon months of the years 1 856 and 1 898 were almost 
identical (*209"), the rainfall variations over India were in the former case —5*33 inches 
and in the latter +0*69 inch. There does not appear to be any system underlying the 
changes in the amount of the pressure difference and in the amount of thfe rainfall varia- 
tion, but in order to make sure of this conclusion the following table has been prepared 
showing for each month of each season the barometric differences over the South-East 
Trades region and the rainfall variation over India : — 


Table XXX. 



Mokthi. 

Mar. 

June. 

July. 

Aucait. 

September. 

Octobtr. 




tr 


' 


ft 


Mean pressure diflercnce, 
Mauritius and Seychel- 
les. 

•142 

*209 

•2»8 

•245 

*202' 

•ISO 

1894 1 

Rainfall variation over 
India. 

-'0-S5 

-H-14 

-hro7 

-ho^66 

-ho'94- 

-I-2^Sl 

( 

Variation of pressure 
difference from normal. 

—•025 

—•007 

—•014. 

—•001 

—'Oil 

—*010 

' 

Mean pressure difference, 
Mauritius and Seychel- 
les. 

’m 

•227 

•204' 

■214 

•203 

•169 

l89S 

Rainfall variation over 
India. 

-o'44 

+ 0*09 

—<>'67, 

— 0*09 / 

— 1-27 

— 0'2S 

1 

Variation of pressure 
diflerencc from normal. 

+ *012 

-h'oii 

— •oaS' 

—*032 

— •010 

4*009 

( 

Mean pressure difterence, 
Mauritius and Seychel- 
les. 

•145 

'223 

*819 

•26s 

*229, 

*163 

iBgS J 

Rainfall variation over 
India., 

—0*29 

-hO '28 

-.*37 

•fo-46 

— rgS> 

-2'4» 


Variation of pressure 
difference from nomlal. 

—’022 

•b-007 

—•013 

•foip 

-)-'0i6. 

•f*oo3 
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Table XXX — concl3> 


Months. 

1 May. 

i 

June. 

• July. j 

j August.' 

j S?ptcmber, 

j Oc'tb'jtr. 


\ 




it 


( 

Mean pressure ditfcrence, 
Mauritius and Seychel- 
les. 

•196 

'I19 

j 897 I 

Rainfall variation over 
India; 

— o-3(J 

—0-03 

\ 

Variation of pressure 
diderence from normal. 

-h'ozg 

+•003 


Mean pressure dillerencc, 
Mauritius and Seychel- 
les. 

•169 

*227 

1S9S \ 

RarnfaU vanalion over 
India. 

—0-68 

“0’J9 

1 

Variation of pressure 
difference from normal. 

•P'002 

-p-oil 

( 

Moan pressure diderence, 
Mauritius and Seychel- 

•j63 

•192 

' 

les. 



>899 

Rainfall variation over 

— o*oS 

+ 1-49 

India. 


/ 

Variation ot pressure 

—•001 

—*024 


diderence from normal. 



Normal pressure differ- 
cnce. 

•167 

•2x6 


" 


t -tr ' ~ 


; 

■ '254 '• 

. ' '236 ■ 

'160 - 

- .o '44 

-f- 2'46 : 

4 -i'x 6 , 

■ -l-o-3t. 

+•£>15 

•f'ooS 

-P -023 . 

• 0 ■ , 

■230 

1 

■221 

' . -210 

■ ■ - s 

4 - 0-45 

4 -o'i 7 ' 

.,' + *■32 


— '002 

■ —'£>25 

. 

, —'003 

, , , .a.'” 

'276 

-279 

;■ -m . 

'ido .■ 

— 2'12 

— 2'79 

■■ i-2'32 

. ' ' ' . ’ 

• 0*67 ' 

+•044 

-P' 033 ' 

—'014. 


•232 . 

‘245 

•213’ 

'WKM 


The only generalisation possible from the preceding data is to the effect that when 
the barometric difference is greater than usual over this portion of the South-East Trades 
region then the mean rainfall over India is/m than usual, and that . when the batbmetric 
difference in the South-East Trades region is less than usual the rainfall in India 'exceeds 
the normal. Grouping the phenomena together it would appea^ that the weneraiised 
result would be as shown below : — 


Abnormal 

Corresponding 

' ' ‘ Abnormal 

pressure 

rainfall 

pressure 

difierencc. 

variation. 

diderence. 

Inch. 

Inches. 

Inch. 

—•023 

— o- 5 ' 5 ' ■ 

' -p-OXZ 

^'OOJ 

+ I'I 4 

-P'OII 

— 014 . ■ 

+ 107. 

, • ' 'ri-'Oog 

— 001 

'-po'66 . 

4 - -007 

— 'Oil 

+o '94 

+ -oig 

— '016 

' - -P 2 ‘ 8 r ■ 

' . -p'Oid 

— ‘028 

— o'67 

-p''003 

—•032 

— o'og'. 

- -p'029 

— 'Olo 

—1-27 

; ' -p-003 

— ' 02 Z 

— 0'27 

4 -'ot 5 

—•013 ■ 

' . — o '39 " 

, 4 -‘bo 8 

—'002, 

+ 0-45 , 

; J. ■ 4-1023 

—*025 

+0'i7 

: ■ 4- -002 

—•003 

'+.I '32 

V, , . . 4 -'on 

— '001' 

— o'd8 •> 

. 4- -044 

—•024 

+ r 49 

■F ‘033 

— *014 

— 2-.32 • 


—•242- ’ 

'+ 4-4 ■ '■ 

■' ■' - .4- -2-45 

—•014. 

' 4-0-26 . 

•.■'4-.-015 


Corresponding' 

rainfall 

variation. 

Inches. 

— o'44 
■fo'og , 

• ; — o ‘25 

+d'28 
+0-46 
' —s'gS ' 

*— 2'4I 

■ o oS . 

— 6'93,,. 

+2-46 , 

+ ri6 

■— o'6S ' 

— o-ig '. 

— 2 :j2 ^ ■ ; 
' , — 2'79 '., 

■ . -0-57- 
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The preceding data show that even if the variation in the extent of the barometric 
difference between Mauritius and the Seychelles be accompanied with a variation in the 
rainfall over India the variation is small and practically of no importance, while the irregu- 
larity of the relation between the march of the two phenomena, as shown both in the sea- 
sonal and monthly returns, makes it very doubtful whether any such relation really exists. 

CsudJ Mauritius and Zansibar, — Similarly if the barometric difference between 
Mauritius and Zanzibar be investigated the following statement will be produced : — 


f Mauritius 

• 


■ 30‘”37 



1S93 (May to October) ' . .i 



>• difference 


0-090" 

t Zanzibar 

• 


. 30-023 J 



C Mauritius 



. 30-087 ■) 



I S04 (May to October) . 



(difference 

= 

0-083" 

(Zanzibar ' 


• 

. 30-004 ) 



( Mauritius 


n 

. 30-098") 



1S95 (May to October) . .-J 



(difference 

= 

0 076' 

( Zanzibar 


• 

. 30-022 ) 



C Mauritius 



. 30-125") 



1S96 (May to October) , .4 



(difference 

r= 

0-09S" 

( Zanzibar 

• 





(■Mauritius 


• 

. 30-107") 



1897 (May to October) . . 4 



( difference 

=: 

o-oSi" 

(Zanzibar 

• 

• 

, 30-026 J 



(Mauritius 

• 


. 30-090") 



189S (May to October) . .4 



(difference 

= 

0-097" 

(Zanzibar 


• 

. 29'993J 



( Mauritius 

• 


• 30 "' 34 ) 



1899 (May to October) . .4 



(difference 


0097" 

( Zanzibar 


• 

. 20'037J 




Dealing with these values in the same way as with the Mauritius-Seychelles values 
the following table is constructed : — 


Table XXXI. 


Veabs. 


1894. 

1S95. 

IS95. 

1S97. 

1S9S. 

1899. 

Mean. 

■ 

Mran pressure difference to October) 

between Mauritius and Z.anzibar . 

Variation ol mean pressure difference from 
normal ....... 

t* 

•090 

— -001 

‘O33 

^*008 

1 

•09S 

+-007 

1* 

*oSi 

—‘010 

V 

■097 

*f ‘O06 

1/ 

•097 

-f* 006 

•091 

Rainfall variation (May to October) over 
India * , - . • . 

+4-88 

+6-07 

1 

-5-33 

+2-40 

+0-69 

—6-49 

■ 


It seems difficult to come to any other conclusion than that the pressure difference 
between Mauritius and Zanzibar has no effect on the determination of more or less rainfall 
to the Indian region during the monsoon months. 

( 2 rd) Zansibar and the Seychelles. — In order to complete the investigation into the 
pressure conditions over Equatorial regions and their relations to Indian monsoon rainfall 
a similar statement to those given for Mauritius and the Seychelles and for Mauritius and 


H 
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Zanzibar has been prepared for the area lying between Zanzibar and the Seychelles. The 
following gives this statement : — ■ - ' ' 



("Zanzibar 

• 30-004 "I ' - -- 

1S94 (May to October) ^ 

>- dilIerencc=o-i‘i2''' 


(, Seychelles 

29-892 j ’ , 


( Zanzibar 

30-022 ^ , ■ , - ' 

1S95 

- 1 

> difference=o-i23" 


(. Seychelles 

29-899 ) . ’ ' , , 


("Zanzibar 

3d'027 h 

1896 „ 

’■ 1 

>■ dilTerence=o-|io" 


(Seychelles 

29-917 J 


(Zanzibar 

30-026 "1 

1S97 .. 

■> ] 

f- diflterences:o-i38" 


( Seychelles 

29-888 ) - - . 


(Zanzibar 

29'993 ■) . '■ ■ 

iSgS „ 

•• 1 

h dilTerence=o,-i 12'^ 


(,Se3’chelles 

29-881 ) ' , 

' 

( Zanzibar 

30*037 h . ■ 

1S99 „ - 


.h difIerencex=o-ii5" 


(.Set-chclies 

29-922 J, 


In order to compare these pressure differences with the rainfall variations s over India 
the following table has been constructed : — , ■ . 


Table XXXII. 


Years. 

1S54 

1S95 

I89C I 

IE97 

IS9S 

1S99 ■ 

hlean. ' 

Mean pressure difTerence (May to 
October) between Zanzibar and 

„ 


// 

n , 

W 

// 

. ' 

*112 

-123 

•Jio 

' 

•138 

:u2 

'•115 

' -118 

Seychelles. 

Variation of pressure difTerence from 
normal. 

— *006 

+-00S 

1 

d 

0 

CO 

■f-020 

• —*006 

- ' 

■ 

—'003 


RainLilI v.iria(ion (May to October) 
over India. 

+6-07 

—2-63 

—5-33 

+ 2-40'' 

+0-69 

-6-49 



rtere again there is absolutely no indication of any relation existing between the' 
^ariations in the pressure differences or barometric gradient in Equatorial regions and the 

variations in the amount of rainfall ovjsr India. 

^ So far then as pressure is concerned the present investigation appears to show that 
sanations in the actual height of the baronreter as, well as in The' barometric differences 
or gradients over the Equatorial area are not influential in ihpdifying the rainfall over' 
ndia to an extent which is appreciable in our existing records. . , ■ 

^ Barometric gradients over-, the Equatorial' Belt and' t/ie Arabian Sea . — Before ' 
facing leave of the investigation into the barometrical conditions in- Equatorial regions' 
m relation to Indian weather it will be convenient to consider here , the question of 
tie variations of barometric differences between ,(i); Mauritius and Bombay, and (2) the 
eye elles and Bombay in the different monsoon seasons.-. The question affects condi - 
tions both over the Equatorial region and over' the Arabian Sea, but-may as conveniently 
e re erred to here as in a subsequent -'section. The following, shows the pressure 
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t ^ ^ 

differences between Mauritius and Bombay for each of the monsoon months and for each 
monsoon season : — 


tahle xxxni. 


Yeak. 

Month. 

Mean pressure, 
Mauritius. 

|H 

DifTercncc. 

Mean difference 
for season. 


May 






p 

30*051 

// 

29741 

’3*0 



June 






•icC 

■637 

•469 



July • 






•157 

•G7S 

•482 


1S93 . . . { 










/ -401 


August . 


• 




•225 

717 

•508 

j 


September 






•140 

•763 

■377 



October • 


« 




•072 

•S14 

•2 58 

1 


May . 


• 



• 

•016 

772 

•244 

\ 


June 



« 


* 

•103 

•626 

•477 



July . 

• 

• 



• 

•n6 

•O47 

•469 

1 

1S9+ . . ■( 

August . 


• 

« 


• 

•139 

•6S3 

•45G 

) •375 


September 


« 

• 

• 


•XIO 

•746 

•36+ 



October . 




* 

• 

•035 

•796 

•240 



M.iy . ' 




• 

• 

’050 

•782 

■26S 

1 


June 






•103 

■O41 

•464 

1 


July 






•142 

•67O 

•466 

1 

iS95 . 

August . 






•113 

•6SS 

■425 

) 'jCS 


September 






•134 

•789 

•345 



0 ctober . 




• 


•046 

•807 

'=59 

1 


May • 






•039 

•7S4 

•255 

■ 


June 






•105 

■60a 

•503 



July 


• 




•17S 

•C54 

•5=4 


iSgfi . . .( 










■384 


August . 






•204 

•726 

•47S 



September 




• 


•t43 

*8u 

*33- 



October • 






•079 

•866 

’213 


• 

May 




• 


•049 

•763 

•2S6 



June 




• 


•086 

•651 

•455 



July 






•131 

•617 

•514 


1897 . 










> '396 


August • 






••SI 

•CS9 

•492 



September 






•142 

•74C 

•390 



October • 

• 


• 

• 

• 

■064 

•S29 

•255 



II 2 
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Table XXXIII — ioncld. 


Years. 

Month. . 

Mean pressnre, 
.'Mauritius. 

Mean pressure, 
Bombay.' 

Uificfeccc.' 

DiHerence 
‘ for season. 








r . 





May 




• 

• 

3o'oo7 

. 29748 ■ 

, •,■259 ' ■ 



June . ■ 

• 





•099 

■636 ; 

• '4^3 - . 



July . 





■; 

*iat 

•614 

■ •507 ' 


iSgS . . .( 







1 



■ .'37= 


August . 




• 

• 

•128 

•735' ■ 

; - .793 ■ . 



September 






•093 

•74O' 

, 747'' .. 

, ! 


October . ■ 

• 





■' -os?' • 

■ •796 ' ' 

'■''•261-',. 



May 


• 

’ 



•030 


'■ ■2B6 ' 

, 


June . . 

■ 



• 


•toy ■ 

•647 ■ 

■460 ‘ 



July , 


• 


■ 

■ , 

■ ‘220 

, '724 . 

; ’498 . 


tSgg . 










. ‘378 


August . , 

• 




• 

'209 • 

■ •749 ■ ■ 

*460 



September 

• 



• 

• 

m6i 

. :836 ' 

, '3=5, ' 

’ ' V 


October . 




* 

• 

•078 

, '830 ' ; 

■ '242 ’ 



Combining these differences into tabular form, the following statement is obtained:— 


Table XXXlVi 


Year. 

* 393 . 

1894. , 

1B05. 

■ 

- . ' 

1S56.: 

1837'. ■ 

1898.'- 

- 1S99:. • 

■ Mean. 

Barometric difference between Mauritius 
and Bombay (May to October). 

Variation from normal . . ■ • 

, *401' 

ri-^big- 

■ ft ' ' , 

*375 

-—•007. 

ft , 

' 

•368 : 

— ^014 

U 

'384 

+•002 

rt ' • 

. ■ 'asic' 

+:oj4, 

! ■ 

—•bio 

,.’378’ 

—•004' 

/t 

:382 

■ , 

Departure of Indian rainfall from normal 

+ 4 ' 8 S' 

-+6;o7 

— 2'63 

•— 5*33 

+ 2'40 

. -bo-Cg 

— 6-49 

■ 


It appears to the writer impossible to reconcile the march of these two phenomena ' 
Or to connect them together for practical purposes. In iSgij. the pressure difference 
amounted to ’375" and in iSgg to -”37S'VK'bi|e in one case the , rainfall , .variation was 

+'6’o 7 inches and In the other —6*49 inches. 




























IN RELATION TO THE INDIAN RAINFALL. 


Turning next to the Seychelles the following gives the monthly and seasonal pressure 
differences between the Seychelles and Bombay for the monsoons of 1894 to 1899 : — 


Table XXXV. 


Months. 

Mean 

pressure, 

Seychelles* 

Mean 

pressure, 

Bombay. 

May • < « ■ • 

// 

29-874 

1/ 

29772 

June 

•894 

'626 

July 

■898 

•647 

August 

•894 

•683 

September . . . . • 

•908 

■746 

October 

•886 

•796 

May ...... 

•871 

•782 

June 

•878 , 

•641 

July ....... 

•938 

•676 

August ...... 

•899 

•688 

September ..... 

•931 

•789 

October ...... 

•877 

•807 

May . . ' . . • . 

•894 

•784 

June 

•882 

•602 

July 

'959 

•634 

August . , . • • • 

•939 

•726 

<*Cbl 

September 

•914 

■811 

October ...... 

■916 

•866 

May 

•855 

■763 

June 

•867- 

•651 

July 

•884 

•617 

August 

•897 

•659 

September .... 

•906 

•746 

October ..... 

•924 

•829 

May 

83S 

•748 

June ..... 

•S72 

■636 

July 

■89 1 

•614 

August 

•907 

•735 

September . . . ' . 

•S83 

•746 

October • . . . . 

•89s 

•796 


Difference 

for 

season. 
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Table XXXV — concld. 


Year, 

Months. 

Mean 

preseurCf 

EcycheUes* 

Mean 

pressure, 

Bombay. 

Difference. 

Difference 

for 

season. 


' 


V - 





May . • . • . 

39'862 

29‘744 

. -iiS . 




June 

• 9*5 

■C47 

•26S 




July 

• 9 « 

724’ ■ 

‘220 


1899 . 






)■ -166 



August « • . « . 

■930 

. 749 

•i8t 




September . . , , 

•962 

•836 

'•12C 

■ ’ / 



October 

•918 

•836 

‘ ‘082 

1 ' • , 


Combfnfng tfiese differences into tabufar form, the following table is obtained ; 


Table XXXVI, 


Years. 

iS94. . 

1S93. 

, 

1890 . 

1S97. 


tSM.'' 

Mean,.’ 



0 




" ^ ’ 

/t 

Barometric diflerence between Sey- 


•169 

•177 

•178 


■ -ses 

• •* 73 ’, 

chelles and Bombay (May to 
October). 

H 







Variation from normal . . 

iBBI 

—•004. 

+•004 

+•005 

'.—’004 

*-'007 


Rainfall variation over India 

+607 

— 2-03 

— 

— 

+2 '40 

+o ;69 

■ —6-49 



It is remarliable how small is the variation in the pressure differeince from year to, 
year between the Seychelles and Bombay, while it is perhaps not altogether, a mere coin- 
cidence that the year of greatest pressure difference is that of hea'viestrainfall, while that 
of least pressure difference is that of lightest rainfall, but the years 1895 and .1898 exhibit 
an identical pressure difference, while the rainfall variation over India in the one case was 
-—s' 63 inches and in the other -f-o'Spinch. , 
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Winds. 

Turning next to the winds recorded over the South-East Trades region it is at once 
obvious that the variations in the wind directions are exceedingly ' small from season to 
season. 

The following table shows the mean wind direction of the monsoon months (May 
to October) over the South-East Trades region as represented by the rkurns from 
Mauritius, Zanzibar and the Seychelles : — 


Table XXXVil. 


Ykars. 

1S.33. 

1S94. 

IS9S. 

IS06. 

1S97. 

1S9S. 

iSgi). 

Mean. 


0 

0 



0 


0 


Mean wind direction (May to October) 
for South-East Trades region. 

S 45 E 

0 

S39E 

0 

S 32 E 

e 

S38E 

S38E 

S 39 E 

• 

S 32 E 

0 

S3SE 

Departure from normal or easterly defiec- 

+7 

-ft 

—6 

0 

0 

+ 1 

-6 



n 


V 

p 

" 

„ 

It 


Rainfall variation over India 

-b 4 -SS 

■rdo? 

—2*63 

— 5'33 

-l-2’40 

40-69 

- 6-49 



The principal feature of the preceding data is the extreme steadiness of the South- 
East Trade winds during the monsoon season of each year. There was slightly more 
easting than usual in the wind’s direction in 1893, but the mean direction of this season 
is not altogether. reliable as there were no observations for the Seychelles for that season 
and the mean direction for that station for that season has been interpolated. On the 
other hand, there was somewhat less easting than usual in the South-East Trades region 
in 1895 and 1899. .In all the remaining years the variations from the normal were 
exceedingly small. In the year of phenomenal rainfall failure, 1899, the wind varied only 
by 6 ° from the normal and, so far from exhibiting an abnormal amount of easting, the 
mean wind direction was even more southerly than the average. The two sets of varia- 
tions are, however, so incongruous that it is almost impossible to believe in any relation 
existing between the two phenomena. Whether the decreased easting in the South-East 
Trades and the decreased rainfall over India noticed above is a real relation or not it is 
impossible to say from the scanty data at our disposal at present, but the available data 
do not support the explanation that when the monsoon rainfall over India is scanty 
it is because there has been an abnormal deflection of the South-East Trades 

towards Africa. Whether in the upper .atmosphere, where friction is small, the 
current fails, in some years, to curve round into south and south-west, but rather conti- 
nues to travel on towards the north-west and thus forms an ascensional current over 
Central Africa is a mere conjecture with .which we have no present concern, dealing as we 
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are with purely observational records^ , Taking*the three stations separately the following; , 
table is obtained ' \ 

*rABtE XXXVIII. ■ V:' 


Year. 

IS93 

• 1894 

•iSgs 

. 1896 

1S97 

■ 

■ iSgS-;’ 

•1S99 

•Mean,: 

Alcan wind direction (May to October) 
Mauritius. 

Variation (Easterly deflection) 

S77° E 

+9“ 

SC9°E 

+ i°- 

5 68° E 

• f ' 

S66°E 

—2" 

ses^E 

. .• o-' ' 

i 

S 64° E 

: -4’ ’ 

s',es'’’E 

Mean wind direction (May to October) 
Zanzibar. 

Variation (Easterly deflection) 

S n’E 

+4“ 

SiS’E 

+8° 

S a” E 

• -5“ 

S 6” E 

-1° 

Sia^E 

" +5° ' 

S 4- E 

-3° 

S, s'E 
;-5? 

S 7“ E 

Mean wind direction (May to October) 
Seychelles. 

Variation (Easterly deflection) 

■ 



S38»E 

0” 

S32” E 

' —6° 

5 43° E 

+5°. 

S33°.E 

-3”. 

'S38’’.E 

Rainfall variation over India . . 

-f'4’88’^ 

. 

+6*07* 

-2-63" 

— 5'33'' 

+2-40" 

+o'69* 

— 6-49'' 

■ 


Taking the stations separately the same general results are obtained as when , the' 
three are combined. 


As the question, of the dependence of the rainfall of India on the direction of the ’ 
winds in the South-East Trades region, is one of great importance, the above' table has., 
been amplified and the following tables give for each monsoon month of .each ..year 'the, " 
mean actual winds of each station and the corresponding rainfall anomaly over India ■ 


Table XXXIX, 
Mauritius. 



Month. 

Normal mean 
wind direc- 
tion. 

Actual mean' 

■ wind dircc- 
tlon. ’ . 

June 

0 

. S 64 E 

0 

S 6s E " 

Jhiy 

S 66 E 

S 72 ' E ' • 

August . , • • ... 

S 63 E 

, S is E 

September . . , . . . . 

,S 73 E 

• S 83 E , 

October . , , . , . • * 

S 78 S ' 

5 88 E 

June 

S 64;E 

S,6r E 

, July, . 

S 66. E ,: 

S 63 

August . . , . . 

. S 68' E 

'S6SE 

Septenr.ber' - . . 

' S 73 E 

' -s ' 71 ;E 

_ October 

. S 78 E' 

: 5-76 E 

f June ' ■ . , 4 ■ , . . 

' S 64.E 

■ S'62 E, 

July 

S 66 E '. 

. S 63. E 

I August . . . . . ' * f 

.•■S'6S E ' 

■ 5:68 E 

September , . . : . ■ • 

’■ . 

S 74 E... ' 

October • ' # ' • • • 

. ;S,7S E ■' 

S So E ■ 



Variation of 
rainfali over . 
; India. 


+ I 
+ 6 , 
+ 7 , 

+ 10 ' 

+ 1Q , 

'—3 ■ 

— I 

'1 . -o ■ 




- ~ o '98 
■.'+V27 , 
. +0'42 

hfo/' 

. .'+o*6C'. 
\ +0-94 
;+.2‘Si' 
+0*09 

—o'og, 

o'25’ 
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Table XXXIX-««c/rf. 


‘ Year. 

Month. 

1 

Norma) mean 
wind direc- 
tion. 

' 

Actual mean 
wind direc- 
tion. 

Easterly deflec- 
tion. 

Variation of 
rainfall over 
India. 









D 

• 

• 

Inches. 


r 

June 






S 64 E 

S 66 E 

+ 2 

+0’28 


1 

July. . 






S 66 E 

S 62 E 

— 4 

— 0-39 

tSg6 


August 

. 



. 


S 6S E 

S 60 E 

— 8 

to'46 


1 

September 



• 



S 73 E 

S 77 E 

+ 4 

— 2'g8 


L 

October . 






S 78 E 

S 82 E 

+ 4 

2*41 


r 

June 






S 64 E 

S 63 E 

— J 

— o '73 


1 

July 






S 66 E 

S 69 E 

+ 3 

— o '44 

1897 . 

.4 

August . 



• 



S 68 E 

S 69 E 

+ I 

+2-46 



September 






S 73 E 

S 74 E 

+ 1 

+ ri6 


i 

October . 





• 

S 78 E 

S 79 E 

+ 1 

+0'3T 


f 

June 

« 




• 

S 64 E 

S 67 E 

+ 3 

— 0’i9 


1 

July . 





• 

S 66 E 

S 67 E 

+ I 

+o '43 

i8gS . • 


August . 






S 68 E 

S 70 E 

+ 2 

+o'i7 



September 





• 

S 73 E 

S 67 E 

-6 

+r 32 



October . 





• 

S 78 E 

S 72 E 

- 6 

— o'sS 



June 






S 64 E 

S 63 E 

— I 

+ fi 4 



July . 






S 66 E 

S 67 E 

+ I 

—2*12 

1899 . 

.■! 

August . 






S 68 E 

S 67 E 

— • 

—279 


1 

September 






S 73 E 

S 67 E 

— 6 

“2-32 



October . 






S 78 E 

S 72 E 

-6 

—0*67 


The preceding data show that there were eighteen months out of the thirty-five in 
which the wind was more easterly than usual, and of these eighteen months ten had more 
and eight had less rainfall over India than the average. The following gives a resume of 
the data contained in the above table : — 

(i) Increased easting accompanied with diminished rain over India 8 months. 

(a) ,, „ )i increased „ ,, ,, 10 „ 

(3) Diminished „ „ t „ diminished „ » • ji 7 n ' 

(4) n II It II increased „ ,, ,, 8 ,, 

So far then as the evidence of these seven monsoon seasons is concerned the slight 
■ variations in the wind' direction at Mauritius bear little or no relation to the rainfall, 
vaiations over India. 
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Table XL. 
Zanzibar. 




MONin. 




Normal 
mean wind 
di'n:ction. 

Actual 
mean wind < 
direction. 

• Easterly" • 
'■deflection. 

Variation cf 
rainfall oya 
India. ' 

June . 






e 

S s E 

0 ' 

? ■ 

- 0 

? 

inches, 

+2-31 

July . 






S 7 E 

S 13 if 

-f • 6 

, '+0-07 . . 

August 





• 

S 9 E . 

S iC E 

‘ + 7 , 

'—0-98 '■ ■ 

September 



■■ 


• 

S 3 E 

S 25 E ■ 

,• +22 

''+r27,- 

October 





* 

S 8 E 

S 12 E 

■ + 4 

'+0-42 '■ 

June . 





• 

. S s E 

S sE 

: , 0 

+ri4 , 

July • 






S 7 E 

S 2 E 

“ 5 

+ ro7 

August 






S 9 E 

S I E 

— s 

' +0-66 ‘ 

September 






.S 3 E 

S 2 E ■ 


+0-94 

October 





• 

S 8 E 

S 9 E 

+ 1 

, ,+2'8i' 

June . 


< 




.S 5 E’. 

S 0 E 

+ I 

+o'09 

July . 





. 

S 7 E 

S 6 e' ' 

.'—I 

o;67; 

August 





. 

. .S 9 E - 

S 13 e. 

+ 4 

—0*09 

September 





. 

.S 3 E 

S j6 W 

—19 


October 




• 


S 8 .E 

s 2 w ■ 

—10 

■ —o’ss - 

June . 





. 

S s E, 

S s E, 

9 

+0'28 

July . 




• 

• 

S 7 E 

S 8'E 

•h I 

- 0-39 . 

August 





• 

S 9 E 

S 12 E 

+ 3 ' 

+046 

September 





• 

S 3 E 

S 7 E 

+ 4 

-2-98 ; ■ 

October 





• 

S 8 E 

S I E ' 

' ~7 

—2-41 ; 

June . 





. 

S s E 

S 2 E 

— 3 ' 

-073 . 

July . 





» 

S 7 E 

S '2 E ■ 

— 5 

' ■ P' 44 , 

August 





* ‘ 

S 9 E 

S 6'E 

— 3 

+2‘46 

September 





• 

s 3 e' 

S 10 E 

+ 7 

.+fl6 

October 






, S 8 E . 

s ss E 

+■47 

+031 

June . 






S s E 

S 8 E. 

+ 3 , 

— o’lp ‘ 

July . 






• S 7 E * , 

S lo E - 

+ 3 , 

■ .+o‘ 45 ‘. 

August 






' S9.E , 

: S 8 .E .; 

— 1 

+0-17. .. 

September 






• S.3.E •' 

'■ ,s, 2 >v’;. 

^“'5 

''+r32' 

October 






S 8 E . 

'S 7 W 

' • -^’5 ' ' ■' 

■ ■— 038 

June . 





• 

.. S-sE'",-' 

. , S 4 E ' ' 

— 'l\ 

+ 1-49 

July 






' S 7 E 

S , '8 E. 

,4* ■ *' 

■ — 2*12 

August 





• • 

■ S 9 E 

. S 8E 

' - I- 

—279 ■, 

September 






,S 3 E 


— 5; ;■ 

—232., 

October 


• 



' 

• S 8 E- ;■ 


, —13 '■ 

— o-'e? ; , 













m RELATION TO THE INDIAN RAINFALL. 


The above table shows that there were fifteen months out of the thirty-four under 
review during which the wind at Zanzibar was more easterly than usual, and out of these 
fifteen months in nine there was more, and in six there was less, rainfall over India than’the 
normal. The following gives a resume of the above table : — 

(1) Increased easting accompanied with diminished rain over India 6 months. 

(2) )i )i II • )i increased „ „ „ g 

(3) Diminished „ „ „ diminished „ „ „ 10 

(4) I, II II II increased „ „ „ j 

As before mentioned the number of months with which we are dealing is so evenly 
divided among the different headings given above that it is practically impossible to 
deduce any rule from the preceding data. 


Table XLI- 

Seychelles. 



Juna . 
July . 

■ . ' August 
September 
^ October 

. Jnn= • 

( July • 

. \ August 
[ September 
October 
June . 

( July . 
August 
September 
October 

J"iy . 

August 
September 
October 


Normal mean 
ivind dircc> 
tton. 

Actual mean 
wind direc* 
tiOQ. 

0 



0 


S 

E 

s 

»9 

E 

s 33 

E 

s 

22 

E 

S 33 

E 

s 

V 

E 

S 39 

E 

s 

40 

E 


s 

s 

57 

II 

E 

E 

S 33 

E 

s 

36 

E 

S 33 

E 

s 

3+ 

E 

S 39 

E 

s 

39 

E 

S 38 

E 

s 

21 

E 

S 22 

E 

s 

29 

E 

s 33 

E 

s 

29 

E 

S 33 

E 

s 

33 

E 

S 39 

E 

s 

46 

E 

S 38 

E 

s 

53 

E 

■ S 22 

E 

s 

31 

E 

s 33 

E 

s 

34 

E 

S 33 

E 

s 

33 

E 

S 30 

E 

s 

36 

H 

S 38 

E 

s 

3« 

E 


Easterly 

of ramfan over 
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Table Hh^r-cottcld. 


■ ■ ■ ' 

Y«ae. 

Monib. 

Normal mean 
wind direc- 
tion. 

Actual mean 
wind direc- 
tion. 

Easterly_ 

deflection. 










0 


0 _• 

Inches. ■ 


June . 

« • • 


s' 

ai 

E 

s 

t8 

E , 


—0*19 ' 

( 

July . 

* « < 


: s 

33 

E 

s 

36 

B 

+ 3 

; +o'45 ■ 

1898 . . < 

August 

• • • 

» • 

s 

33, 

E . 

s 

34 

e , 

+ 1 

+0V7 . 

[ 

September 

# • • 

ft ft 

s. 

39 

E ; 

•.s 

41' 

E 

+ ^ 

+i'34i,'., 

t 

October 

• ■ • 


s 

3S 

E 

s 

31 

E 

7 ' 

— 0-33 


June . 

• « « 


s 

22 

E 

s 

22 

E 

0 ^ 

+ 1-49. 

( 

July . 

• • 


s 

33 

E 

s 


E 

- + S . 

— 

1899 . J 

August 

• * • 


s 

33 

E 

s 

32 

E 

— I 

—279 

1 

September 



s 

39 

E 

s 

30 

E 

— 9 

— 2'3a 

October 

« • • 

. 

s 

38 

E 

s 

37 

E 

■— I ' 

— <j-67 ■ 


For the station of the Seychelles there are only six seasons’ obsen^ations. They show 
that out of the thirty months under review there were fifteen months or exactly half , 
during which the wind at the Seychelles was more easterly than usual, and out of .these ' 
fifteen months in eight there was more and in seven there was less, rain than usual over 
India. The following gives a resume of the preceding table 

(1) Increased easting accompanied with diminished rain over India 7 months. 

( 2 ) „ ,, ,, „ increased „ „ „ ^ ji ' • , 

( 3 ) Diminished „ „ „ diminished „ „ „ 7 '» ■ 

( 4 ) <, ,, „ increased „ „ „ 6 „ 

Turning next to the wind velocities as deduced from these three stations the follow- 
ing table shows the variations of the wind velocities from the normal over the South- 
East Trades region during the seven monsoon seasons : — . ' , 


Table XLII. 


Ycabs. 

ISM. 

iSm. 

1S9S. 

tBge. 

18517. 

iSgS. 

1S90. 

M BAK,. 

Mean wind velocity in miles per diem 

238 

334 

mm 

224 

. ■ • 224 

230 

’233 

• '229 

IMay to Uctober} for 2 South-iiast Trades 
region. 

Departure from normal . • . * 

+9 

+5 

1 

-s 

-s 


+4 

Rainfall variation over India • 

+ 4-88’ 

■+6-07’ 

— 2-63’ 

— 5 - 33 '' 

+ 2 '40’ 

+ 0*69'" 

—^*49 ^ 

. 

■ 


This investigation also does not exhibit any real agreement between the , mean velo-, 
city of the wind and the rainfall variations. Thus 1893, 1894 and 1898 haid an excessive 
velocity and excessive rainfall, but 1899 had also an excessive velocity, while it had a large 
deficiency of rainfall. On the other hand, 1895,' iSgdand 1897 had a dimitiished velo- 
city, but, while 1895 and 1896 had a diminished rainfall, 1897 had excessive rain. 
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Taking the three stations separately, as was done in the case of the wind direction 
the following table is obtained : — ■ 

Table XLIII. 


Years. 

1893. 

\ 

1S94. 

• 

iS 9 S. 

1896. 

1S97. 

1S9S* 

1899. 

Mbas. 

Mean wind velocity in miles per diem 
(May to October) Mauritius. 

aS 4 

*43 

258 

269 

301 

278 

275 

26S 

Variation 

-14 

—25 

—10 

+ I 

+33 

+ 10 

+ 7 


Mean wind velocl^ in miles per diem 
(May to October) Zanzibar. 

22t 

209 

>51 

143 

145 

175 

158 

■ 

Variation .’ 

+49 

+37 

-^21 

— 9 

—27 

+ 3 

—14 

B 

Mean wind velocity in miles per diem 
(May to October) Seychelles. 

■ 




■ 


266 

249 

Variation .... I . 

H 



D 

B 


+ 17 


Rainfall variation over India * 4 

+4'88* 

+ 6-07’ 

— a’Ss' 

-5-33" 

+2-40" 

+0-69' 

- 6 - 49 ' 



This analysis shows that so far as can be determined there exists no real relation 
between the velocity of the wind in the South-East Trades region and the accompanying 
rainfall over India. It likewise shows that there are large variations in the wind velocity 
within that region. Thus the variations in the velocities at Mauritius and Zanzibar 
are largely the opposite of one another and in the case of Zanzibar the higher winds are 
generally accompanied with increased rainfall in India. In order to test this suggested 
connexion the following tables have been constructed : — 


Table XLIV. 
Zanzibar. 


Tear. 

Month. 

t 

Normal velocity. 
Miles in 74 
hours. 

Actual velocity. 
Miles in 24 
hours. 

Variation. Miles, 
in 24 hours. 

Variation of 
rainfall over 
India. 









Inches. 


June . 



« 

231 

267 

+46 

+ 2'5I 


July . . 




199 

' 266 

+67 

+0-07 

1893 • . 1 

August . 




170 

234 

—64 

— o'9B 


September , 




134 

168 ' 

+34 

+ f27 

\ 

October 




112 

144 

+32 

+ 0‘42 


June . • 




221 

' 263 

+42 

+ i'i4 


July . . 




199 

262 

+63 

+i'07 

1894 . 

August 




170 

J84 ■ 

+14 

+0*66 


September . 




134 

184 

+50 

+0'94 


October , 


• 


112 

■ 148 

+36 

+2'8i 
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HISTORY OF THE SEVEN MONSOON SEASONS, 1893-99, 


Table XLIV— fWieW. 


Veae. 

Mohth. 

Normal velocity. 
MUes tn 24 
hours. 

ActuM velocity. 
Miles in 24 
hours. 

Variation. Miles 
in 24 hours. 

, Variation 0! , 
raintatl otct 
, ' , India.' 










.. Inches.^ 


June . 


• • 

• 


221 

201 

•-’20 ■ 

fo‘og ■ 


July . 


» » 

• 


' ' 199' . 

' 

tfio 

-39 

~o' 6 j 

1895 • • 1 

August 


* • 

• 

* 

170 

«S3 - 

■~I7 

‘ •—0*09 


September 



* 


134 . 

122 

—12 



October 


* 

• 


‘ . XX3 

99 

—13 

" — 0'2S''- 


June . 



• 

• 

221 

•87 , . 

-34 , 

+o '23 ; 


July . 



• 

V 

199 

175' 

—24 

..—<>•39' ■ 

1896 

August 





170 

136 

-34 

• +046 


September 


« « 


» 

134 ■ 

112 

..-‘22 

—i-gS' 


October 


« « 

. 


112 

os 

-Iff 

~2‘41 , 


June 


« « 

• 


‘ 221 

193 

-28 ' 

■ ■ -073 


July . 



• 

« 

199 

ISO 

-49' , 

. — o’44 . . 

1897 . . ( 

August 


t * 

• 

, 

170 

;JS8 

.*—12 

+2 '46^ • 


September 



« 


134 

119 

-'S ' 

+r,i6' ■■ 

1 

October 


• • 

• 


. 1X2 

■95 • 

■ —17, 

-fo'3t 


June . 


• « 

• 


221 

- 233 - 

-f.E , 

—6*19 


July . 



• 


•99. 

2TI 

+ 12 

+o'4S 

1898 , . I 

August 



■ 


170 

, igt 

■, +21 . 

+b't7 


September 



• 


134 

123 


+>■32, 


October 



• 


112 

>03 


■ -- 0 ' 3 S' ; 


June . 


• • 

• 


221 

206 ■ 


' ■+I-49'',- 


July , . 



- 


199 

■ 


— 2*12 

1S99 . 

August 


• • 

• 


170 

137 

-37 ' 

—279 • 


September 


• *4 

- 


>34 

”3 , 




October 





112 

■ 

■ 98 ' , 

m 

im 


The preceding data show that though there are some exceptions stronger winds at 
Zanzibar are ordinarily accompanied with' heavier rainfall over India. There were twelve ' 
months during which the wind's velocity exceeded the normal, and of these there were 
, eleven with excessive against one only with'deficient rain over India. On the other hand; 
there were twenty-three months, during which the trade winds at Zanzibar rvere lighter 
than usual, and while only eight of these had excessive, fifteen had deficient rain. There 
is thus, as stated above', a tendency to increased rainfall over India when the wind is 
abnormally strong at Zanzibar. ' ■ 
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Table XLV. 
. Mauritius. 


Ybab. 


Month. 



Noma] velocity, 
^tles in 34 hours. 

Actual velocity. 
Mitesio 24 hoars. 

Variation. 

Miles 

in 24 hours. 

*^VariatIon of 
rainfall over 
India. 


■ 











f 

June 


• 


• 

266 

252 

-.4 


t 

1 

July. ; 


• 


• 

281 

282 

+ I 


1893 . 


August 


• 


• 

300 

277 

—23 

—09*8 ' 


1 

September 


• 


• 

277 

266 

— II ' 

+ 1'27 


L 

October 




• 

231 

241 

+ 10 

+0-42 


r 

June . 




• 

266 

248 

-tS 

+fi 4 



Jaly • 


• 



281 

264 

—17 

+ T07 

1894 . 

• • 

August 


• 


• 

3Q0 

26S 

—32 

+0*66 



September 




• 

277 

261 

— 16 

+ 0-94 



October ' 




« 

231 

21S 

—16 

+2'8i 



June 


• 


• 

266 

293 

4-27 

+0-09 



July 





28t 

225 

—56 

— o'67 

IS95. . 

. - 

August 




• 

3 QO 

292 

— 8 

*—0*09 


1 

September 



• 

•• 

277 

243 

—34 

— 1*27 


i 

October 


• , . 

• 

. 

23 * 

199 

—32 

— 0-25 


f 

June 


, « 

4 


266 

264 

— 2 

+0'28 


1 

July . 


. 


• 

281 

274 

— 7 

— 0-39 

1896 , 


August 




. 

300 

300 

0 

+ 0*46 


1 

September 


. 


• 

277 

271 

— 6 

— 2-98 


1 

October 


• 


• 

231 

235 

4 

—2-41 



June . 


• 


. 

266 

288 

+22 

—073 



July . 


. 



281 

290 

+ 9 

— o '44 

CO 


August 




• 

300 

341 

+41 

+2-46 



September 


• 



277 

353 

—24 

+i'i6 



October 




• 

231 

254 

+23 

+0-31 



June . 


• , • 


• 

266 

269 

+ 3 

— 0*19 


1 

July . 


• 



281 

295 

+14 

+o ’45 

1898 


August 


• 


• 

300 

283 

. —is 

+o’i 7 



September 


• 



277 

259 

—18 

+ f 32 



October 




• 

231 

247 

+■16 

— o '38 



June . 


• 


• 

266 

245 

— 21 

+ i ’49 



July • 




• 

281 

334 ' 

+53 

— 2’12 

’ '899 , . 

•1 

August 


• , • 



300 

331 

+31 

-=279 


' 

September 




• 

277 

2S3 

+ 6 

—2-32 



October 


• , 


> 

231 

S 23 

8 

—0-67 










^^2 HISTORY OF THE SEVEN ’MONSOON SEASONS, 1893-99, 

The preceding data show that during the" thirty-five months under discussion there 
occurred only fourteen, during which the mean normal monthly velocity was exceeded, and 
of these fourteen months of increased velocity only six or about one-third had increased 
rainfall, so. that with increased velocity of the South-East Trade current at Mauritius . the 
chances are nearly as ^is'that the period will be one of lighter rainfall, in India than the 
average. On the other hand, there were twenty months out of the thirty-five which hadia 
lower mean monthly velocity than the average, and of these twenty months no less than, 
twelve had increased rainfall over India, hence with lighter Trades' than usual at -Mauritius 
the chances are as 3:2 that the rainfall of the period wiil be heavier than the normal oyer. 
India. ■ ' • . 


Table XLVl. 
Seychelles. 



f June . 

j July. • 

• f August 
j September 
L October 

r June . 

1 J«>y • 

August 
[ September 
- I October 


•■j August 
, I September 
t, October 


wo'ip 

+u'4S 

4-o;i7 

_ -i-i’SS 
0-38 
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The preceding data show that during the thirty months under review there were 
fifteen with a wind velocity above and fifteen with a wind velocity below the normal. Of 
the fifteen' with an excess velocity there were six which had more rain than usual over India 
and nine w'ith less ; while of the fifteen months of low wind velocity nine had more and six 
less rain than usual. Hence with stronger South-East Trades than usual at the Seychelles 
the chances are as 3 : 2 that the accompanying rainfall over . India will be lighter than 
usual, Wile with weaker South-East Trades than the average the -chances are 3:2 
that the accompanying rainfall will be above the normal. 

If the information contained in the three preceding tables be compressed and 
smoothed the following results will be obtained - 


Table XLVII. 

INCREASED VELOCITIES OR POSITIVE VARIATIONS. 


Maokitius. 

Zanzibar. 

Sevchelles. 

VcIocUy variation. 

Rainfall 
variation 
over India, 

Velocity variation. 

Rainfall 
variatioi 
over India. 

Velocity variation. 

Rainfall 
variation 
over India. 

Miles. 

Inch. 

Miles. 

Inches. 

Miles. 

Inch. 

0 

0 

—0-67 

0 to 9 . 

+0-0: 

0 to 9 . . 

—091 

10 to 19 , . 

— 0'22 

10 to 19 . 

+0-25 

10 to 19 . . 

— o'pS 

20 to 29 

— 072 

20 to 29 . 

+0-56 

20 to 29 . • 

—0-49 

30 to 39 . 

—0-8 1 

30 to 39 . 

+ 1-28 

30 to 39 . » 

-0-14 

40 to 49 

—0*03 . 

40 to 49 . . 

+>•53 

40 to 49 • 

+0-14 

50 to s9 

+0'i7 

SO to S9 . 


50 to S9 • 

—0*19 

. 


60 to 69 . 



BHI 


DECREASED VELOCITIES OR NEGATIVE VARIATIONS. 


Mauritius 

Zanzibar. 

Seychelles. 

‘ 

Velocity variation. 

Rainfal 1 
variation 
over India, 

Velocity variation. 

Rainfall 
variation 
over India, 

Velocity variition. 

Rainfall 
variation 
over India. 

■ Miles, 

Inch. 

Miles. 

Inches. 

Miles. 

Inches. 

0 to 9 . 

- 0-36 

0 to 9 . 

—0-38 

0 to 9 . 

-o-lS 

10 to 19 • 

+ o'53 

10 to 19 , 

—0*40 

10 to 19 . 

+0-32 

20 to 29 « • . 

+o'34 

20 to 29 . 

—0-94 

20 to 29 . 

+ o‘i6 

30 to 39 . • 

— 0-35 1 

30 to 39 . 

— I'Ofi 

30 to 39 . 

+o'75 

40 to 49 . 

— 0-60 ? 

40 to 49 . 

-079 

40 io 49 . 

-f-i-fio 

SO to 59 . 

—,0-63 ? 

SO to 59 . ■ . 

— 0-89 





60 to fig . 

— o-gS 




K 
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history or THE-SEVEN MONSOpN SEAS0»i,4.„, ' 


Indiaand decreased velocity increased rainfall jvhilein the rainfall over 

are reversed and the variations of the wind velocitv A r — f ^*1^ conditions' 

appear to be related directly. .• of ramfall, ifihey arerelated at ali; 

_ appears to the writer almost indisputable thot i ,• \. 

variations in the direction and velocity of the fh r 

rainfall over India, such for example as that incre and theyariations^of 

would accompany diminished rainfall over Indh^T* 

when dealing with the means of the forty monsoon i’ave been indicated- 

seven monsopn seasons under review. are contained , in the; 

In this connection the follow'inc^ table TOh.Vis .V * -jr . 

cal Review of India for igoo (page 952)' fj of interest— 



■ ' .the receding dal^^ve a ^mpa^son. weer^~i, ist^ of Ma7l~ ' 

eiid pf .September- of the velocity of the air movement at Port Victoria for the s' ' 

,1895 to 1960. In.the last 'year of the series there was a de% in'the yetting' in' ofThe 
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south-west monsoon and this setting in was practically coincident' with the rise of the air 
movement at the Seychelles to Ts or 13 miles per hour on July i6th, but in the preceding 
year (1899) the rise of the air movement to 12 miles per hour occurred on the i8th June 
shortly after which date the drought of that year began to disclose itself.. Hence when 
dealing with weekly data there exists the same difhculty in reconciling the march of the 
two phenomena as when dealing with monthly means. 

It has, however, been suggested that dealing with monthly means is too rough 
a method to bring out this relation. Selected periods have accordingly been inves- 
tigated during which the rainfall over India was generally heavier and more extensive, 
and others when the general rainfall was lighter and less extensive than usual. The actual 
wind directions and velocities recorded in the South-East Trades region during these 
periods have been extracted with the result that, while the velocity of the South-East 
Trades was generally slightly lower during breaks in the rains, and generally higher during 
periods of general rain, than the average, there existed no apparent connexion between 
the wind’s direction and the variations in the rainfall. 

Following the same system as in the case of the land observatories the next sub- 
jects for consideration are the wind’s direction and force in Equatorial regions as derived 
from ships’ observations. This is shown in the following sections : — 


Obscrjatious recorded on hoardships. 
Tabi-E XLVIII. 





Mean winp direciiom data or the EoUAtoRtAL REcioKf beiheen.Lats 
4°N, and ij'S. and Longs. 40' and So'E. 

- 


Year. 


May. 

June. 

July. 

AuEust. 

September. 

October. 

Seasoo. 

«S 93 

• « 


0 

S S« E 

S 

0 

19 E 

0 

S 13 W 

e 

S35 E 

• 

S34E 

0 

S 20 E 


iSgi 

# « 


S 25 E 

S 

18 E 

s 33 E 

S 18 E 

S II E 

S 32 E 


>895 

» • 


S «7 E 

S 

3 w 

S 25 E 

S 39 E 

S 22 E 

S lO E 

S 20 E 

1896 

m • 


S33E 

S 

6 E 

S 9 E 

S 30 E 

S 24 E 

S 65 E 

S 28 E 

1897 

• • 

« 

S I w 

S 

5 E 

S 20 E 

S 30 E 

S It E 

S 4 E 

S 12 E 

1898 

1 • • 

« 

S 22 E 

S 

II E 

S 7 E 

S 

S 13 E 

S 37 w 

S 3 E 

1899 

• • 


S ti E 

s 

5 E 

S 26 E 

S 28 E 

S IS W 

S 23 E 

S 14 E 

Mean 



S 23 E 

s 

9 E 

S 15 E 

S 26 . E 

S IS E 

S 19 E 

S iS E 


From the above the following table has been constructed; — 

Table XI.IX. 


. 

Years. 

1S93. 

ISSM. 

iSgs- 

1B96. 

I Spy. 

iSps. 

1S99. 

Mean. 

Mean wind direction (May to October) 
for Equatorial Belt. 

SaO'E 

S23'E 

S2o'E 

SaS-E 

S 12° E 


S 14° E 

S IS* E 

Departure from normal (Easterly deflec- 
tion). 

+8° 

+ 5 ° 


+ 10” 

-6° 


- 4 ° 


Uafntall variation over India. 

+4-88't 

+607'’ 

—2-03" 

-S'ss” 

+ 2*40" 

+o' 69 " 



‘ 

Mean wind direction (May to October) 
Soutb-Han Trades (See Table XXXVll.) 

S 45 °E 

S 39 '>E 


S38°E 

S38'’E 

S 39 ^E 

S 3 ='E 

S 3S'E 

Departure from normal or easterly deilcc- 
tion. 

+7” 

+ 1' 

-6” 

0 

0 

+ 1° 

-6“ 

• <* 










































4^6 HISTORY OF THE SEVEN MONSOON ;SEASpNS, '«8p3-99, , , , ,, 

As was the case with the returns from the three land observatories, there, is no,, 
apparent connexion between the wind’s direction in the. Equatorial Belt and the .variation . 
of the monsoon rainfall over India, There are four seasons during which the me ah direc- 
tion of the Trades was more easterly than the normal/ and in two of these years the rain- ! 
fall was excessive, in one very deficient, and in one moderately deficient; Avhile there were , 
three years in which the wind was less easterly than ' usual, in twO' of which, the .rainfall 
was excessive and in one largely deficient. The above table simply supports the state-', 
ment made when discussing the observations of the three land pbservatoiies that there is 
no direct relation between the wind’s direction and the variations of the Indian rainfall. 
The question is one of considerable importance and hence the following table, giving - 
monthly data of the mean wind direction over the Equatorial Belt derived froni ships', 
observations, has been consttucted ; — , , 


Table L. 



Norma) 
mran wind 
direction. 

Actual 
mpan -wind 
direction, . ' 

0 / 

S .9E 

‘ - 

S 19 E 

S IS E 

S13W . 

S26E 

. SssE ■ 

S15.E ■ 

S34 E' , 

S19E 

S 20 E ■' 

S 9 B 

, S 18 E 

SisE 

S 33 E , 

S2CE 

S 18 E, 

S15E 

s'liE ■ 

S 19 E 

S'32;E . 

S 9 E 

■ S' 3W . 

S15E 

S 25 E 

. S26E . 

/ S39 E. 

S15E . 

,S22E 

S 19 E 

S i6'E . , 

S pE' 

S 6.E , 

. 'S15E 

S:,9'E 

/S26E ■' 

S 30 E 

S 15 E 

S 24 E 

S jp E ■ 

Shs E... 

S , 9E 

S 5 E , 

' S 15 E 

S 20 E 

S26E- 

S 30 E . 

S 15 E 

'S i'l e'. 

• SjpE: 

'■S.’4 E ‘ 



Bainfall , 
variation over 
. .' India. . 


Inches.- 
‘ .+2;5I- 

■ ‘ O'OJ 

i +0'42 

; 

V+'i-o;, 

' \i-6'66 
" ■■ + o-'94’ 
■, ■’ +'2-81 . 
, ■ + ’o-o9,' 

, . —0'6y 

, -i-oqp 

: fj? ■ 

v-0’25 . 
■’ +6’2S-; 
■•‘■-o;39' 

• .+,0-46 

. .-72’98-. 

' —’If" '• 
• -073’ 

770*44’ 

. +2*46'. 

., '+!r'i6 : 
''+0*31 ' 
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Tadi.E L — ccncld. 



Actual Faitcriir Rainfall 

.icncciion, 



■Bi 

f June 

S gE 

1 ••••** 

S 15E 

< .Augint 

S:SE 

I September 

S js E 

* October 

S 19 E 

■ Jure 

S gE 

Jtlly • • ■ • • • 

S IS E 

«•••«• 

S26 E 

September ..... 

S IS E 

. October 

S ig E 



The preceding data show that over the Equatorial Bell the variations of the winds 
and of the rainfall exhibit the following relations : — ■ 

(1) Increased c.i.'ting accompanied with diminished rain over India , ii months. 

(2) Increased casting accomp.anicd with increased rain over India . S „ 

(3) Diminished casting accompanied with diminished rain over India. 5 ,t 

(.5) Diminished easting accompanied with incrc.ascd rain over India .11 „ 

The above shows ver)- similar results to those obtained from tbc records of the 
three land observatories, and there appears to be no systematic connexion between the 
phenomena. 

Carrying the investigation into the wind's force (Beaufort scale) over the Equatorial 
Belt the following table has been constructed : — 


Vt«. 

JS93 

• * • a • 

iSgr 

• . • • • 

I &53 

• a • • a 

1695 

« * • • • 

1S9; 


1S9S 


iSgg 


Mean 



Table LI. 


MRA?f WIND rOBCE DATA Of THE ToUATORI.XL RROIOMS mWClS I^TS. 4 * N. 
AXD and LONC.V 4 ( 1 * AND 80*^11. 



r 

Scittember. 

October, 

y4 

3'4 

1 3*4 

3> 

37 

3'S 

3’S 

3'4 

37 

3'3 

3'5 

36 

3’4 

3'3 































4y8 HISTORV OF THE SEVEN MONSOON SEASONS, >893-99, 

From the above the following statement has been prepared showing the variatiohs of ' ; 
the wind force (Beaufort’s scale) in the Equatorial Belt and the monsoon rainfall varia-/, 
tions in India : — ■ , . ■ , ;/ 


TaOle Lit. , 


YEAltS, 

1893 

1804 

ISJS 


1S97 , 

jSgS . 

1899 

Mean wind force (Beaufort’s scale) for 
May to October for Equatorial Belt. 


33 

3S 

. . 37 , 

3'6 

■ 3-6 

37 

Departure from normal . . • » 

—.•1 

—•4 

—•2 

0 

• — «1 


0 

Rainfall variation over India . . . 

+ 4 - 88 ’ 

+607' 

— 263 " 


+ Z' 4 o" 

+0'69'' 

-fi- 49 " 


The most marked feature in the wind force is the remarkable steadiness of the 
strength of the winds in the seven monsoon seasons. The largest variations from the ; 
normal occurred in the years 1894 and 1895. And it is noticeable that in 1899 " hen the ■ 
rainfall failure was so extraordinarily large the wind velocity in the Equatorial Belt was 
exactly normal. '■ . • / 

Leaving the seasonal values and dealing with the returns of each month of the/seven- 
monsoon seasons the following table has been constructed : — ' 


Table LIII. 



Month. 



Normal 
wmd toTCC. 

Actual 
wnd force. ' 

Varialloo. 

Vart'aliotJ of 
rainfall over j 
• India. V ,| 

June , 

« » 

• 


36 

■1 

r-'2 


Ju!y . 




3'9 


■ +-S .i 

■ '+0’07 , , 

August , 

• « 

• 


38 

4’2 

+•4 1 

— o'pS 

September , 

• • 



3’5 

■ 3'4 ' ■ 

I 

+ >•27. ■ 

October , 

• • 



3'4' • 

I 3’2 

— 2 

+ 0-43 

June . 

• « 



3'8 

3-0 \ 

—•6 

‘ -ffH- 

July . . 

• • 



39 

■ 37 . 

'“*2 

■.+lW . 

August 

• « 



3-8 

3'4 

—•4 


September . 

• • 



3-5 

3’4 


, + 0-94 

October 

•\ • 



3’4. J 

3’> 

—■3 

4 - 2 "Si‘ 

June . 

• • 



3-6 

3'8 ■ 

i 

. +*2 i 

+o‘o 9 . 

July . . 

• . 



3’9 

3'6 ■ 

—3 

+0*67 

August 

« • 



■ 3-8 

37 


r-o*09 

September • 

• • 



1 

3'5 . i 

■37 

4--2 

— 1*27 

October 

« • 



3'4 • 

' , 3’S ' . . 

:+•! 

,—0-25 

June . - . 

« • 



, 3*6 

■ 4'0 

+•4 ; , 

' + 0 - 2 S 

jjuly . . 

• • 



3-9 

■ 4’0 . " 

; +‘1 

, - 0’39 1 

1 August ; ■ . 




38 

' 3'9 . 

-f *1 - 

1 

+o'46 

1 September . 

• '» 



3o 


0 

— 2'98 ' 

M Octbber 




3(4 ' 


0 

— 2-4I 
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Table LIIl — concld. 


Year. 

Month. 

Normal 
wind force. 


1 Variation. 



' 

r 

June . ' 


• • 



3'6 

3'S 

—•I 





Jvi'y . 


• • 

« 


3'9 

37 

— ‘2 


iSg? . 


August 


• 

• 


38 

36 

— *2 





September 


• 



3'S 

3'7 

+■2 




i 

October 


• • 



3'4 

3'S 

+•1 

+o-3t 



r 

June . 


• • 

• 


3‘6 

3'3 

—•3 

0*19 




July . 


• • 

• 


3'9 

3-8 

— *1 

+o'4S 

iSgS 



A ugust 


• • 



3-8 

4'i 

+•3 

+ 0-17 




September 





3'S 

3'S 

0 

+r32 




October 


• • 



3'4 

3'6 

+ •3 

— 0-38 




June . • 


• • 



3-6 

4'2 

+■6 

+ ri 4 . 



1 

July . 


• • 



3‘9 

4'i 

+*2 

— 2*12 

iSgg . 

•i 

August 


« « 



3-8 

3'9 

+•1 

- — 2'79 




September 





3'S 

3'4 

—■I 

— 2-32 



- 

October 



• 

• 

3‘4 

3'2 

— ‘2 



The table given above shows that out of the thirty-five months under discussion 
there were fifteen during which the South-East Trades were stronger than usual and of 
these' Hfteen there were eight with heavier rain and seven with lighter rain than usual ; 
there were seventeen months with lighter Trades than usual and of these seventeen 
there were ten with heavier and seven with lighter rain than the average. These figures 
show that there exists no definite relation betw'een the strength of the winds in the 
Equatorial Belt and the variations of the rainfall over India. 


ARABIAN SEA. 

Wind Direction. 

The fgllowing table shows the mean monthly wind direction derived from ships’ obser- 
vations over the Arabian Sea for the monsoon months of each year 


Table LW. 
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Collecting the above data under the head of .the different seasons the following, table 
has been constructed 


Table LV. 


Yeau. 

1 S 93 . 

1894. 

1895. 

1895 . 

IBt 

1895. 

' > 899 -,. 

Mean wind direction (May to Octo- 
ber) for Arabian Sea. 

Variation from normal (westerly 
deflection.) 

gj 

-e’ 

S74°W, 

.+3’ 

m 

S79”W 
;+8° ■ 

S jf W. 

+6“ 

Sys’w. 
/+2°, ; 

Rainfall variation over India . 

■b4'88'. 

+6-of 

. — z'da' 


+ 2 ' 40 ’ 

•fo-dp" 

— 6'49’ 


The preceding data show that the mean monthly direction of the South-West, monsoon, 
winds is nearly as steady as the direction of the South-East Trades from one season to- 
another. The largest departures from the normal were -|-8° in 1897 and —6° in ..1894,. 
There were three years in which the wind during the monpon was less westerly than.the 
average and of these years, two, viz,, 1893 and 1894, excessive monsoon rain while the,; 
third, viz., 1896, had very deficient monsoon rains. In four ’years the winds were more' 
westerly than usual and of these, two years, viz., 1895 and 1899, had short to Very ' short' 
rains and the other two years, viz,, 1897 and 1898 had excessive to normal rains. ' 

The data show that the variations of the South-West monsoon winds are quite inadeV 
quate to explain the large variations of rainfall shown in the last line of the! above table and; 
also that variations in the wind direction of a similar character are at times accompanied 
with an exce.ss and at times with a deficiency of the monsoon rainfall over India. 

Wind Force. 

The following table gives the mean monthly wind force (Beaufort’s scale) over the 
. Arabian Sea for the monsoon months of each year: — 


Table LVI. 


■VE-tB. 

Mean actual wind force data of the whole Arabian Sea area between Lats. i 
' . a 4 '’N. AND Longs.40'’,wnd8o'’E. ' 

'N.''Nd 

■ May. 

' June. 

July. 

■ ■ 

August. 

’ 

September. 

October. 

Season,'- • 

1893 • • 

■ 3'5 ■ 

■ 40 

■ • 4’4 

. 

. 4 ’I 


2-8 . 

. , 37 ’ 

1894 ■ . > 

3’0 ■ 

4’3 

4 - 4 ; 

■ V9 

" 3 ’‘ . 

27 ■ 

36 , 

1895 . . . 

2'9 

4-3 

; 4-4 

' 3'8 ■ ' 

,3'° 

2'9 

3-6 ' 

1896 . 

3'2 

■ 4-4 


■" ' 

' ‘ 3-1 , 

' \ 2'C 

• 3 ' 7 ' ■“ 

1897 ... 

•2'S 

4'2 


V 4’1 

'3-3 . 

■ 2-4 ‘ ' 

3 ' 5 ...' 

1898 • • . • 

2'8 

,. 4-3 ■' 


. ' 3 ' 9 , * 

, 3:0 , ^ 

' ‘ '2’6. 

3-5, ■ 

1899 . ... 

■ 3'2 .. 

4 ’S. 

' ■ 4-3 , 

- , 3'9. 

3’2 ■ 

. ", -T'S ’ ; 

37- 

Mean . 

■ 

4’3 , 

, 4’4; ; 

_ - 4*0 

3-1 


' '3-6: ■ 
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Collecting the above data under the heading of the different seasons the following 
table has been constructed : — 

Table LVII. 


Years. 

1893. 

1S94. 

iSgS. 

1896. 

1897. 

1 893 . 

1899. 

Mean wind force . . . . 

mm 

3.6 

3‘6 

— 


3 -S 


Variation from normal . 

Bi 

0 

0 

BI 

Bi 

— *I 

Bi 

Rainfall variation over India . . 

+ 4 ' 88 '' 

+6-07’ 

—2-63" 

— S' 33 ’ 

+2'4o'' 

+ 0*69'' 

—6-49" 


The preceding data show that taking each monsoon season as a whole the variations 
in the force of the wind over the Arabian Sea are exceedingly small. In the “Discussion 
on the failure of the rains in 1899, ” it was stated that the force of the wind was-a trifle lower 
than usual throughout the monsoon of 1899; but fuller information has altered this, and 
the present investigation has shown that 1899, which was a year of phenomenally light 
rainfall over India, had winds a trifle above the normal over the Arabian Sea. The other 
years with stronger monsoon winds than usual were 1896 when the rainfall variation also 
showed a large deficiency (— 'S'flS inches) and 1893 when the rainfall variation over India 
was +4*88 inches. In 1894 and 189S there was no variation from the normal in the force 
of the monsoon winds, while the rainfall variations over India were in 1S94 +6'07 inches 
and in 1895 — 2-63 inches. In the two monsoon seasons of 1897 ’^98 the mean force 

of the wind was M less than usual, and in both these years the monsoon rainfall was in 
moderate to slight excess. 

It is impossible to draw any other conclusion from the above data except that the 
monsoon winds are extraordinarily steady in each season, and that the variations in the 
rainfall over India are carried out quite irrespective of the small variations in the direction 
and. force of the winds over the Arabian Sea which the two preceding sections have 
disclosed. 

In the preceding pages I have examined most carefully for the past seven monsoon 
seasons the whole of the meteorological data which can reasonably be supposed to influ- 
ence the rainfall of the Indian area. I have examined the seasonal and monthly varia- 
tions in the direction and in the force of the winds over the South-East Trades region 
over, the Equatorial Belt and over the Arabian Sea, and the examination has disclosed only 
minute irregular variations which appear wholly inadequate to account for the recorded 
vicissitudes of the Indian rainfall. I have examined the seasonal and monthly barometric 
differences or gradients over the South-East Trades region and over the Arabian Sea, and 
I can find no relation between the variations in the barometric pressure differences and 
the variations of the Indian rainfall. Finally I have examined the Indian rainfall in 
relation to certain large pressure oscillations which the barometric records disclosed. 
In this connection and in this connection alone, was an agreement established, the observa- 
tions apparently showing that the rainfall of the Trades-monsoon area was, in its main 
features, a function of these pressure oscillations. Super- imposed on these' major pressure 
oscillations were minor oscillations, some indigenous to the southern and some 
indigenous to the northern portions of the area. These minor oscillations undoubtedly 
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impressed their mark on the rainfall, but they have in the present paper bean left oiil /; 
of consideration and both the rainfall and the oscillations have been considered only jrprri i 
the point of view of the larger and more massive changes which the observations^ 
disclosed. These pressure oscillations were general throughout the ryhole Trade^' 
monsoon area. The epochs of the maxima and of the minima occurred , at. about the 1 
same time throughout the whole area though perhaps earlier by a month or ;two, in' 
the South-East Trades region than in the monsoon area, and, on -the whole, .the. 
amplitudes of the oscillations, were the same in Lat. 3o°S. as in Lat. 30®N. :The .effects' 
of the oscillations on the rainfall were reversed in the'two hemispheres, the rising ^ 
portions of the oscillations having been accompanied with excessive rain in the southern: 
and with deficient rain in the northern hemisphere, and the falling portions of the 
oscillations with deficient rain in the southern and with excessive rain in the. northern 
hemisphere, but the relation of the oscillations to the rainfall was as clear in the orie 
case as in the other, ■ , , = 

How these oscillations originated and what determined their magnitude, duration and 
velocity of movement I am unable to say. They were apparently as marked in the , 
atmosphere at an elevation of 7,000 feet as at the earth’s, surface and as large in Lat. ; 
30®S. as in Lat. 3o°N., and their effects on the rainfall were unmistakable. ' - 

It was suggested by the writer in the discussion on the.failiire of the south-west : 
monsoon rains in 1859 that the excess of pressure, which is so commonly a characferistic 
of a period of deficient rain, and was especially strongly pronounced over India in 1899 is 
in itself a result or concomitant of this deficient rainfall. It was pointed out that , ah- 
absence of ascensional movement in the upper atmosphere would be occasioned by the 
absence of condensation and by the non-precipitation of rain, and that this absence of ' 
ascensional movement would be manifested by an excess of pressure at and hear the': 
earth’s surface. Further investigation appears to show that it is possible a part of the 
excess under these conditions may be accounted for in this manner. It will be seen from 
the curves in Plate LXX'VII that the pressure abnormals in the great excess of ,1899 were, 
greater over India than they were over the South-East Trades region, and to. the extent of 
this difference it is possible that the excess of pressure was due to the above cause, but 
that the whole excess was. the result of the failure of the rainfall appears to be negatived 
on the following grounds (i) the excess of pressure was practically as strongly marked 
over the South-East Trades region (where the' rainfall was heavy and prolonged) as over 
India; (2) the' rise of pressure which culminated in the large excess commenced' in the 
South-E^st Trades region (where, the rainfall was heavy), and thence progressed north-< 
ward to the Indian region (where the rainfall was deficient) and (3) the increase of 
pressure which culminated in the large excess of pressure had commenced over India as • 


« I hiive carefully raam.ncd.ll>e whole 0/ the evidence for the northward movement of an Area of high or cxce«' 
pressure across the Equator to the Indian region. It rests solely .upon the mean of seven observations taben on board 
three vessels in May 1S99. which have been twice corrected; ■ The mean of these corrected' ob'servations are taken fn ' 
three squares .and assumed to glvcThe mean pressure of these three areas for the month of May. ' The results „ 
opposed to those of the Zairzibar observations, which show that' pressure at Zanzibar .was in May '•006“ bdoW the' 
normal. — J. E. 
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early as February, and had already manifested itself as an excess over India in June, in 
whicli month the actual rainfall of India was above the normal.! 

If the excess of pressure at this time had been a result of deficient rain and of the 
absence of ascensional movement, then both the rise of pressure and the excess of pres- 
sure should have been manifested subsequent to June, 1899, not till that month 

that the failure of the rains disclosed itself. 

The fact that the rise of pressure and the excess of pressure both appeared first 
over the area of excessive rain in the South-East Trades region, and thence progressed 
northward to the area of deficient rain over India ; the fact that the rise of pressure and 
the excess of pressure preceded and did not follow the cessation of rain in India, appear 
to show’ as conclusively, as in meteorology it is possible to show any thing in the nature 
of proof, that the absence of rain and the excess of pressure did not bear the respective 
relations of cause and effect. Whether the reverse relationship existed it is impossible 
to determine, but, on the whole, the evidence is in favour of the rapid rise of pressure having 
been directly or indirectly the reason of the absence of rain. 

With the object of determining whether these pressure oscillations could be reconciled 
with the variations of any other element, the pressure curve given in Plate LXXVII was 
sent to Mr. A. F. Moos at the Colaba Observatory. His reply was “ I presume your 
pressure curves show’ abnormal surges giving maxima in August 1S93, April 1897 and 
August 1899, and minima in August 1894 and November 1S98 which you w’ish to explain 
" The declination and vertical force traces practically show no such pulses, but the 
horizontal force distinctly exhibits similar fluctuations. Whether there is any close 
coincidence in these pulses and those shown by your pressure curves is extremely doubt- 
ful, but I send you the figures and calculations with full details for what they are worth 
The following are the magnetic variations supplied by Mr. Moos : — 

Table I. — Sums •without regard to signs of excesses of mean diurnal variation of Horisontal 
Force in C. G. S. units for each month from iSgj to /Sgp. 
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w 

> 

6 

Tt 

0 ' 

c 

rs 

Febfu.ify, 

.£ 

b 

n 

& 

9 ^ 

rt 

June. 


9 

t0 

9 

< 

September. 

October, 

U 

St 

E 

> 

M 

z 

e 

U 

(U 

0 

Annual means. 

SS'S 

a 

« 

*0 w ® . 

M c e w 

1693 

•00274 

•00354 

00458 

■00466 

•oo 47 i. 

•004S0 

•00442 

•00423 

■00330 

•0D3S1 

•00329' 

•00329 

■00395 

I's® 

1894 

•00270 

■00263 

•00392 

•00430 

*00400 

•00439 

•00434 

•00332 

•00331 

■003s; 

•00370 

•00261 

•00365 

1'20 


'00221 

•00347 

•003S7 

*00401 

•00402 

•oojSS 

'0034 I 

■00310 

•00304 

•00306 

‘00320 *00245 

■00331 

log 


*00232 

•00272 

•003C2 

■00361 

■00359 

•00323 

'OO3I7 

•00229 

*00268 

•0032S 

*00268 

•00216 

■00295 

097 


■oosSo 

•00278 

•0034Z 

•00303 

•00273 

•00254 

'OO272 

*00241 

■00263 

•00245 

•00230 

•00276 

*00271 

o'Sg 


'00179 

•00253 

■00315 

*00310 

■00270 

•00296 *00263 

•00195 

■00196 

•00234 

•00258 *00189 

•00246 

o'8i 

hUmII 

•00150 

■00188 

•002S0 

'OO3OO 

•00256 

•ooi5oj •00265 

•00248 

'00201 

•oolgS 

■00233' -00176 

*00220 

o'73 

[HSi 

'00229 

•00294 

'00362 

*00367 

•00348 

•00333' -00333 
1 

•00283 

•00271 

*00293 

•00287 '00242 

1 

•00303 



fThc following; gives the men monthly varmtions of pressure from the normal in the Indian Land Area during 
the period January to June 1893 ^ 


January 1893 — ^*003 

Kcbrnary ,,,. — V40 

March — *olo 

April 

May „ . . 

June +*009 


The var’mtions of pressure during the period were considerable in amount, and were almost certainly related to 
other meteorological actions as well as to rainfall.— J. E. 
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Table II . — Normal values of Table I for each month from iSpj to iSgp. 
(Normal value = Average monthly mean x ratio of corresponding annual raeani) ■ 


< 
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> 

January;' 

February, 

4 

rt 

:s 

S. 

< 


0 

c 

.2, 

*3 

August, 

September, 

October, 

November, 

..’*** • 

^ . 

B 

' V 

: P. 

1893 

•00298 

•00382 

•00471 

•00477 

*00452 

•00433 

■00433 

•0036S 

•00352 

•00381, 

•00373 

•00315 

1894 

•00275 

•00353 

•00434 

•00440 

•00418 

•00400 

•00400 

*00340 

•00325, 

•00352 

•00344 

’00290 

tsps 

'O0250 

•00320 

•00395 

*00400 

•00379 

•00363 

•00363 

■0030S 

•00295 

•00319 

•00313 

•00264 

1896 

•00222 

•00285 


•00356 

•00338 

•00323 

00323 

•0027s 

•00263 

00284 

•00278 

■00235 

IS97 

•00204 


•00322 

•00327 

*00310 

00296 

0 

0 

•00252 

•00241 

•00261 

■00255 

00215 

i8g8 

■00185 

•00233 


•00297 

00282 

*00270 

•00270 

*00229 

•00220 

•00237 

•00232 

•00196 

iS 99 ' 

•00167 

•00215 


•00263 

•00254 

•00243 

•00243 

•00207 

'0019S 

06214 

•00210 

.•00177 


Table III . — Abnormal values of Table /, or abnormals of mean Ranges of Horiaonlal Force. 
(Abnormal values = Numbers in Table I mimis numbers in Table II.) 
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January, 
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0 
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A 

3 

3 

U 

3 

< 

September, 

’ 

• 

V: 

0 

0 

0 

’ 0 

lA ' 

£ 

c/. 

> 

December, 

1893 

—•00024 

— •00028 

— *00013 

— *00011 

+■00027 

+•00047 

+•00009 

+•00055 

—*00022 

■ 

•00000 

— ’00044 

+•00014 

1894 

—•00005 

+*00010 

—•00042 

—*00010 

— •oootS 

+•00038 

+•00034 

—•00008 

+•60006 

+•00005 

+•60026 

— 'OOO29 

189s 

—•00029 

+•00027 

— •00008 

+•00001 

+•00023 

+•00025 

—’•00022 

+•00002 

+•60009 

—•00013 

+•00007 

"^•00019 

1S96 

+•00010 

—•00013 

+ •00011 

+•00005 

+•00021 

•00000 

—•00006 

— ■00046 

+■00605 

+•00044 

— *00010 

—•00019 

1897 

+■00076 

+•00016 

+■00020 

— '00024 

—*00037 

— *00042 

— *00024 

—*00011 

+■00022 

— ’00016 

r*‘0C025 

+•00061 

iSgS 

— •00006 

+•00015 

+•00022 

+•00013 

— ’00012 

+■00026 

— *00007 

—•00034 

—■00024 

—•00003 

+•00026 

—*00007 

1899 

— ’00017 

— *00027 

+ •00016 

+•00032 

+ *00002 

— W093 

+ •00022 

+'00041 

+ '00003 

—•00016 

+•00923 

— ’00001 


The figures given in Table III of the above have been utilised to draw the cun’e 
given in the lower part of Plate LXXVI and this curve shows that the horizontal force fluctua- 
tions as recorded at Kolaba follow a course similar to that given by the abnormal pressure 
variations. ; It will be noticed that throughout the greater part of the curves, the likeness, 
is very marked. There are, however, certain large variations in the magnetic curve which 
are not reproduced in the pressure curve — more particularly in June 1899. All these 
departures require investigation and consideration but, in the mean time, it is sufficient to , 
draw, attentioii to the general agreement between the pressure and the magnetic curves 

for the period under review. . , , 

The above discussion was prepared during 1900 at the close of the seven years to which it refers, but owing 
to press of publications in the 'Meteorological Department its appearance was delayed fill the present time. In the . 
discussion I have carefully adhered to the period under review and have avoided any suggestion that the results therein 
obtained ’are applicable to all periods for the following reason. It happened that during the. seven years the 
■ barometric oscillations were general over the whole Trades monsoon area, but it is clear from' Mr. Eliot’s paper already 
fetred to and to'a certain extent from the evidence of the first pressure oscillation that at times the oscillations are not 
r moeeiieous over all parts of the area, and when thts is the case the conditions under which rain occurs require special 
- ° tValion ' The Indian rainfall of the past two years is an instance in point. In 1900 the monsoon rainfall was 
normal while in 1901 it was in defect. At the same time pressure was falling, over. India, while it was practically steady 

oveab’c Trades region.— \V. L. D.,-S-3-02- • ' , ■, 




































IN relation to the' INDIAN' rainfall. 

NOTE BY THE EDITOR.' 



Mr. Dallas handed this memoir to me in April, 1901. I was unable to send it for 
, publication until the end of December, igoi. 

Mr. Dallas corrected the first proof before he went on leave in March 1902. I had 
no opportunity of discussing the memoir with him as I was absent from Simla on inspec- 
tion tour from the middle of December 190I until the end of March 1902. I have hence 
in revising the second proof made purely verbal corrections, but left the arguments to 
stand as they were passed by Mr. Dallas. 

It is necessary for me to point out that while admitting it gives a large amount of 
■interesting and valuable information respecting a period characterized by very remark- 
able features in the Indian monsoon area I am unable to accept a portion of his data 
as being of sufficient value to be utilized for the comparisons he has made and that I am 
also unable to agree with several of his conclusions. It will be sufficient to give two or 
three examples. 

Mr. Dallas works out the abnormal pressure variations of the land observatories and 
also of the' ship observations and considers the parallelism between the results to be a 
strong evidence of the- reality of these variations over the whole area. The evidence 
given by the ship observations is, however, not independent. The barometric readings 
on boardship are in the majority of cases very unsatisfactory and are corrected in various 
ways in order to fit them to the observations at the land stations which are almost invari- 
ably assumed to be correct. The corrected ship observations as the result of this 
method of correction hence necessarily agree with the land observations. 

Again, Mr. Dallas bases certain conclusions on the comparison of the rainfall 
variations in the Indian area and the South-East Trades Region with the long period 
pressure oscillations. The rainfall means in the case of the Indian area are based 
on the returns of over 2,000 stations and probably represented the variations with 
approximate accuracy, In the case of the South-East Trades Region (covering an area 
at least five times the extent of India) they are based on the returns of three stations 
only and those in ■ the outskirts of the area. It is, I think, dangerous to accept any con- 
clusions based on the returns of these three stations as representative of the whole of 
, that vast area, more especially when the extreme variability of rainfall is taken into con- 
sideration. 

Again with respect to the abnormal rainfall in Central Africa in 1899. If I under- 
stand Mr, Dallas’s argument correctly it is that there was no unusual diversion of the 
South-East Trades in that direction as shown by the available wind data. In the Annual 
Summary for 1899 , 1 gave a part of the evidence on this point. I have since received 
evidence of phenomenal rainfall in that area in 1899. The mere fact of the occurrence of 
this rainfall is sufficient evidence of an unusual diversion of the Trades in that direction. 
Mr. Dallas uses a similar argument for the varying intensity of the monsoon current in 
different parts of India, and it appears to me to be a perfectly valid argument.- 

Mr. Dallas ascribes the deficient rainfall in India to the march of an area of high 
pressure or anticyclonic conditions northwards from the centre of the Indian Ocean to 
the centre and north of the Arabian Sea. I have examined the data and cannot find 
sufficient evidence for the existence of an area of high pressure in the Indian Ocean and 
its march northwards across the equator. 


M 
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■ ■ The low pressures in India before the advent of the monsoon are primarily a result - 
of the air movement initiated by the great and increasing heat in the interior. AfterTHe-: 
advent of the monsoon low pressure conditions continue through June, July and August,;- 
the primary cause being not the thermal conditions but the rainfall, targer rainfall than 
usual in India during the south-west monsoon, we know, accompanies lower pressure or , 
negative pressure variations and less rainfall than usual positive variations. This is simply 
equivalent to the statement that a greater volume of ascensional movement acconipanies 
increased rainfall and a smaller volume accompanies diminished rainfall. The'variations 
of pressure during the monsoon season of 1899 India and the Arabian Sea area are,- 
so far as I can judge, in complete agreement with the above statement. 

I am hence unable to accept Mr. Dallas’s conclusion that the remarkable drought of 
the year 1S99 was due to the antecedent march of an area of high pressure from the* 
South-East Trades region across the equator into the Indian region. • 

It also appears to me doubtful whether the results or conclusions based on an exami- 
nation of the very abnormal period, 1893 — 1899, accepted as having the general 

application apparently claimed for them in the body of the memoir, but apparently to some 
extent withdrawn in the note on page 484. — ^J. E. . 1 ' 
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Plate LXXV. 
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AVERAGES OF PRESSURE AND OF WIND DIRECTION AND FORCE OF EACH MONSOON SEASON. 
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Plate liXXVI, 
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